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(54) Current control apparatus of pulse-width modulation and its method of controlling current 



(57) A current control apparatus has a pulse gener- 
ator that generates a pulse signal, a duty instruction cir- 
cuit that gives a duty cycle to the pulse generator, a 
driver that drives an inductive load by the pulse signal, a 
feedback sensor that feeds back the counter electromo- 
tive force induced in the inductive load, and a current 
detector that detects the current flowing in the inductive 

Fig. 2 



load and in which, during the non-drive time of the 
inductive load, the duty instructing circuit gives a non- 
drive duty for applying to the inductive load a current 
that does not activate the inductive load, and calculates 
a drive duty for applying a desired current to the induc- 
tive load during the drive time of the inductive toad. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to current control apparatus of pulse-width modulation and current control methods 
that can provide a current of stable values without using a dedicated circuit outputting a pulse signal, for example in the 
drive circuit of the electromagnetic valve installed in an oil pressure control apparatus that varies oil pressure depending 
io on the values of applied current. a 

2. Description of the Related Art 

Current control circuits are roughly classified into those of the linear control method and those of the pulse-width 
modulation method. The linear control method provides switching elements of the circuit with a voltage or current cor- 
responding to a target current to control current. The pulse control method switches two kinds of signals complete on 
and complete off. at high speed to control current by varying the ratio of the length of the on period to the length of the 
off period. The pulse-width modulation method can save power consumption compared with the linear control method 
Consequently, in the linear control method, power consumption in the switching elements is large so that stable 
current cannot be provided without the feedback of current values. In contrast, in the pulse-width modulation method 
power consumption in switching elements is small, so that comparatively stable current can be provided without the 
feedback of current values. 

However, in the pulse-width modulation method without the feedback of current values, if temperature rises in the 
load by the flow of current therein, so that the resistance value changes, or if the value of source voltage provided to the 
25 oad fluctuates in the case of using batteries as in a vehicle-installed system, then the value of current flowing in the 
load fluctuates consequently. 

Fig. 1 is a graph showing the relation between the duty cycle (abbreviated to duty in the figure) of the pulse signal 
and the value of current flowing in the load in the case where current control of pulse-width modulation is performed for 
an inductive load. As shown in Fig. 1 . in the case of a configuration in which the current control circuit does not feed 
back the value of the current in the load, when a current is continuously applied to the load, then the load resistance 
value rises by self-heating, so that the value of the load current becomes small. Similarly, in the case where the value 
of the source voltage provided to the load fluctuates, the value of the load current fluctuates. Here, a pulse signal may 
have a duty cycle between 0 and 1 , and may have the duty cycle 0 or the duty cycle 1 . 

In order to solve these problems, a control circuit or control apparatus is disclosed in Japanese Pat. Publications 
Tokka.-Sho 60-132182 and Tokkai-Hei 5-213173. The control circuit or control apparatus disclosed in these publica- 
tions uses a cunent detecting circuit that detects the value of the current flowing in the load, and performs feedback 
control that controls the current flowing in the load by feeding back the detected value of the load current 

The above method uses a dedicated circuit for outputting a pulse signal. However, many of the recent microcom- 
puters have a function of generating a pulse signal. Therefore, for example, in a system apparatus such as an ABS con- 
40 trailer, using the pulse signal generating function of a microcomputer is cost-effective. 

However, the current feedback disclosed in the above Japanese Pat. publications becomes impossible if the pulse 
signal generating function is used. Therefore, in the current feedback system, the current value fluctuates caused bv 
fluctuations of the load resistance value or the source voltage value. 

45 SUMMARY OF THE INVENTION 

The present invention was made to solve the above problems. Its object is therefore to obtain a current control 
apparatus and a method of current control in which the load current does not fluctuate caused by fluctuations of the load 
bTuled 06 ValU8 ° f SOUrCe VOlta9S ValUe * 3 microcom P uler havin 9 a ^ion of generating a pulse signal can 
In order to achieve the aforementioned objective, according to claim 1 of the present invention in current control 
apparatus that performs current control for an inductive load with pulse-width modulation, there is provided a current 
control apparatus of pulse-width modulation comprising: a pulse generating means that generates and outputs a pulse 
signal, a duty instructing means that gives a duty cycle of the pulse signal to the pulse generating means, a drive means 
55 that drives an inductive load with the pulse signal output from the pulse generating means, a feedback means that feeds 
back the current generated by the counter electromotive force that occurs in the inductive load, and a current detecting 
means that detects current value information about the value of the current flowing in the inductive load 

The current control apparatus is characterized in that during the non-drive time of the inductive load the duty 
instructing means gives to the pulse generating means a non-drive duty, which is a duty cycle for applying a current by 
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mation from the current detecting nJ^S^^SZ * ^ CUrr6nt V3 ' Ue 

the P i? 9 e w n^^ r*rr~? means 9ives me ** to 

in the inductive load by the non-drive du* ^and from £ IT^^T^V^T^ Bbout 1he CUrrent ,hat ,,ows 
inductive load caused by fluctuations in the toad^^S'^^* ,,UC, ? a,,ons in the ^rent «™ng in the 
voltage value can be eliminated, so that the accuracv oUhf . . ? ' ndUC, ' Ve ,0ad and Actuations in the source 
improved, and the operation of ^i^^SS^i * " ^ Bmrt ,l0Win9 h the inductive load «• 

dutySS'eat in ^iTOSS&g to^T' T ^ h ** ^ ed . - 

for current control time from the non-drive duty ana me cur ent^f 'T^'"? mea " S and calcu,ate * 'ne drive duty 
about the saturation current flowing in the inductiv7.oad hvTh 0 n ? ! n,or , mat,on from the current detecting means 
time when current control is not performed 2Sl5S2^.^" ^ . """^ dUty Durin 9 ^control 
duty from the non-drive duty arS the ^ ^ Ca ' CUlates ,he drive 

pulse signal of the non-drive duty. ThB^t^^^^J^ fl ° WinQ ,n the inductive ,oad b * 

tions in the load resistance value of *^ZS^S^S^^^ " ^ ""J"** ,0ad e " UMd by " uctua - 
Further. in the starting time of current control the accural o f hf . , S ° UrCe V °' ta9e V9 ' Ue 030 be eliminated, 
load is improved, and the operation of the S^^K^""™ * * the CUrrent ' '° win9 in the ^tive 

-vS^^^ 

converted voltage is passed through ZTru^TT ^7 " int ° V ° lta9e ' and the 

detected with arbitrary timing, and L cun-S^^rS^ 1 ^^ 
•ng can be simplified, and fluent™* i„ "1?" 6 rece,ved as a voltage value. Thereto 



in the inductive load can be 



ing can be simplified, and fluctuations in the current lowTnn in «T a ™ ta9e value - Therefore, arithmetic process- 
resistance value of the inductive load and S^^^J^T f*~ ° ad C3USed by Actuations in the load 

According to claim 4 of the present ^entoTCJ, rt w « ?• °' la9e Va ' Ue Can be elimin *ed. 
Pulse generating means during'cLrren ^S^^TSZT^ ^T? 1 ,0 3 ^ ,he drive " duty to the 
than the period taken by the current ftowfcgTn Z 'S^^f^V** 1 dU,y Cyde iS COnstant is lon 9 er 
renews a drive duty from the drive duty and Se^SSLSS ! Sa,Urati ° n Sta,e " further ca,cu,ates and 

inductive load by the pulse signal of the drive dut^ Z ™ ? V8,Ue ab ° Ut ,he satura,ion current flowing in the 
driven, so that the .oa'd resistance ^TlJS^S^^ "? V** ^ heatS up by bei " 9 

^reTor^^^ 

constant is longer than the time taken by the cvnenUtoZnZ t 'Z \Z^ 0d 1 du ""9« h,ch the calculated drive duty is 
drive duty is calculated and renewed by the «me WeSi h?? , t0 the Saturation s,ale ' ,hen the 

formed. Therefore, the operation of calculating ■ . T 9 non - control time wh *n current control is not per- 

According to claim 5 of the vSSS^^J^^ "T CUrfent COntro1 apparatus is sim P lrf ^- 
tive load with pulse-width modulation that performs c "™> controtfor an induc- 

ing: a pulse generating means that generate and outn,.t a T a PP ara » u s of pulse-width modulation compris- 

signal. a duty instructing means ESSE^^i^ ^ ° U,PUtS SiQna ' in,ormati °" about the pulse 
that drives an inductive^ with ^ 
back the current generated by the counter eSomSe fo^ 

means that detects current value infornS ton JS ° CCUrS ,n 4 | he . induc tive load, and a current detecting 

The current control apparatus is character^ in £ , „ f '° Wm9 the inductive load - 

instructing means gives to'the pTse g^e ^g ltn, T%£T° ?! ' ime °' the induCtive load " lhe d ^ 

which the inductive load does not opSZShT^i^".^ 7 ? t ' S 3 ^ ^ for a current by 

applying a desired current into the ■^SJ^^^^\^- , 1^ m 3 drive duty which is a duty cycle for 
from the pulse generating means J^SS^^Z hTno ^ *° m ^ information 

the current detecting means, and the non-drive duty ^ 6 dUty> the ° Urrent va,ue in ^mation from 

duty from signal information about the pulse ^JS^TST! "° ^ dUtV and Ca ' CU ' a,eS the drive 
rent flowing in the inductive load by the pulse sSnal of hp 1h du jy. current value information about the cur- 

in the current flowing in the inducL tSS^^S^^I^S T'^^ f ,UC,Uati °" S 

fluctuations in the source voltage value can be eWnaS TZi thl ! ' res,s , tance value °' ^ inductive load and 
ing in the inductive .oad is improved, and the optatontft °e SSS?^ ^ ° f ^ 

dutySSm^ in I~ "^ent control is not per.rmed. the 

ing a current by which the '""^ du ! y ' f** is a ^ cycle for 

rent control timefrom the signal information for X^^^^^^^ e 
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generating means, a period when a current flows in the inductive load by the drive means and a period when a current 
flows in the inductive load by the counter electromotive force induced in the inductive load, the current value information 
from the current detecting means at the saturation time when changes in the average current value of the current flow- 
ing in the inductive load by the pulse signal of the non-drive duty become small within a predetermined value, and the 
non-drive duty. 

In this way, during non-control time when current control is not performed, the duty instructing means calculates the 
drive duty from the signal information for identifying, during one period of the pulse signal output from the pulse gener- 
ating means, a period when a current flows in the inductive load by the drive means and a period when a current flows 
in the inductive load by the counter electromotive force induced in the inductive load, the current value information about 
the current in the saturation state, and the non-drive duty. Therefore, fluctuations in the current flowing in the inductive 
load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source voltage value 
can be eliminated. Further, in the starting time of current control, the accuracy of the current value of the current f lowing 
in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 7 of the present invention, the feedback means in claims 5 and 6 is installed so that the feedback 
current by the feedback means is not detected by the current detecting means; the signal information in claims 5 and 6 
is time information that expresses the elapsed time from the time when the level of the pulse signal of the non-drive duty 
changes so that a current starts to flow in the inductive load; and the duty instructing means in claims 5 and 6 detects, 
from the time information and the non-drive duty, a period when a current flows in the inductive load by the drive means] 
receives the current value information at the saturation time during the period from the current detecting means, calcu- 
lates the average value of the current flowing in the inductive load during the period, from the current value information, 
the time information, and the non-drive duty, and calculates the drive duty for current control time from the average cur- 
rent value and the non-drive duty. 

In this way, in the case where a current detecting means does not detect feedback current, during non-control time 
when current control is not performed, the duty instructing means detects a period when a current flows in the inductive 
load by the drive means from the time information and the non-drive duty, receives the current value information at the 
saturation time during the period from the current detecting means, calculates the average value of the current flowing 
in the inductive load during the period, from the current value information, the time information, and the non-drive duty, 
and calculates the drive duty for current control time from the average current value and the non-drive duty. Therefore! 
fluctuations in the current flowing in the inductive load caused by fluctuations in the load resistance value of the induc- 
tive load and fluctuations in the source voltage value can be eliminated. Further, in the starting time of current control, 
the accuracy of the current value of the current flowing in the inductive load is improved, and the operation of the induc- 
tive load is secured. 

According to claim 8 of the present invention, the feedback means in claims 5 and 6 is installed so that the feedback 
current by the feedback means is not detected by the current detecting means; the signal information in claims 5 and 6 
is time information that expresses the elapsed time from the time when the level of the pulse signal of the non-drive duty 
changes so that a current starts to flow in the inductive load; and the duty instructing means in claims 5 and 6 detects, 
from the time information and the non-drive duty, a period when a current flows in the inductive load by the drive means, 
receives a plurality of times the current value information at the saturation time during the period from the current 
detecting means, receives, from the pulse generating means, the time information corresponding to the current value 
information, calculates the average value of the current value information and the average value of the time information, 
calculates the average value of the current flowing in the inductive load during the period, from the average value of the 
current value information, the average value of the time information, and the non-drive duty, and calculates the drive 
duty for current control time from the average current value and the non-drive duty. 

In this way, in the case where a feedback means does not detect the feedback current, during non-control time 
when current control is not performed, the duty instructing means detects a period when a current flows in the inductive 
load by the drive means from the time information and the non-drive duty, receives the current value information several 
times after the saturation time during the period, receives the time information. corresponding to the current value infor- 
mation, calculates the average value of the current value information and the average value of the time information, cal- 
culates the average value of the current flowing in the inductive load during the period, from the average value of the 
current value information, the average value of the time information, and the non-drive duty, and calculates the drive 
duty for current control time from the average current value and the non-drive duty. Therefore, fluctuations in the current 
flowing in the inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in 
the source voltage value can be eliminated. Further, detection errors due to the noise of the current flowing in the induc- 
tive load can be made small. Further, in the starting time of current control, the accuracy of the current value of the cur- 
rent flowing in the inductive load is improved, and the operation of the inductive load is secured. 

According to claim 9 of the present invention, the duty instructing means in claim 8 further monitors the source volt- 
age value and calculates the average current value by giving weightings to the received current value information, if the 
source voltage value fluctuates during the time when the current value information is received from the current detecting 
means. If the duty instructing means detects fluctuations in the source voltage value during the time when it is receiving 
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ing electromagnetic valve during ABS control timo ^ «, 

Ther ^ e J o e ^ a 2 nCe ° f A BS control can be!C V S ° Pera,i ° n "** e,eC,ro ™° neti c valve can be secured, 
in claims 1 10^8^^^^^^ <* ?» **» generating means and duly instructing means 
number of used parts by the use of an existing n!«S^^?K5 T** GOnW 3pparatus can ^uce the 

According to claim 25 of the present invention i ? h3t ,he COSts can be redu ced. 

five load with pulse-width modu.aL. SSTl^rf^ ^ Perf ° rm current «** * an induc- 
dnve time of an inductive load, generates SS^ ^S^i I*?* ° f PU ' S6 - Width modulation «*. ^ non- 
which the inductive load does not operate into the nductt f 1 dUt/ that * 3 duty cycle for a current by 

load feeds back the current caused by the wnEJK^T* ,he PU,Se si 9 nal *. indue ive 

value mformation about the current flowing in the n^uSotd 5? *?* indUCtiVe ,0ad ' detects current 
applying a desired current into the inductive toad ^ngZZf^T^ T * du,y ,hat is a cycle or 
the current value information. 9 tne dr,ve time of the 'nductive load, from the non-drive duty and 

^^^^^^^X is not performed, the present method of current control 
.nductive l0ad by the pulse signa. of the nonS, dl Z ^7"' ^ in, ° rmati ° n *** ,he Cu ™* * 'owing in he 
low,ng ,n the inductive load caused by fluctuations i SoLd rS t *"* Th6re,0re ' "Nations in the current 

he source voltage value can be eliminated, so that TlZSZZST" °' "" ' Mv * '° ad and "actuations in 

further calculates and ^ a dr v^tlS co ^' **■ the current control method in H=>\m oc 
current flowing in the inductive load by the pSTs.anf.TJ tne current information value about the saturation 
stent is .onger than the period taken V^^SS^t^^ " *«" Which *• ^ cySZlZ 
rent control ^ the inductive |oad ^ ^^S^^Z ^ * h the S3tUration sta,e - D "-9 cur- 
changes, and the source voltage value may change TheraforeThP ^ . the J oad / esis » a "ce value of the inductive load 
the penod dunng which the calculated drive duty is constant i inn. fT ? 35 *° be r6newed ,rom time «° «me If 
inductive .oad to be in the saturation state, then VeZe S a SSII? "!? ^ ,aken by the curren « in the 

co3^~ 

non-control time when current control is not performed general - o ? ^ ° f pulse - widt " modulation that, during 
CUrr6nt by Wh ' Ch ,he ind "ctive°oad (K'rJS^TiSi^?' 3 , "^i* 6 du,y ,hat is a ^ cycle 
S hTJ" ,ndUCtiVe l0ad> feeds back the c^rent iSSKSlS? ~ ^ 3PP ' yS 3 Cunent by *e p*e 
oad de tects current value information about the m^^i^J^T"^ f ° rCe induced in th e inductive 
•s a duty cycle for applying a desired current into fheTrSuSTE ' ^ 3nd Ca,cu,ates a d ™* duty, which 

s.gna. information about the pulse signa. of the , nSSSJS and'he? "TV*"* lime - fr <™ the non-drive duty 
In the way. during non-control time when cunent con.rofi. n S ' V3 ' Ue in,orma ti°n. * 
urtl a ^r- driVedU,y ^^S^^^^^^ Present method of current control 

uration current flowing in the inductive load and the nonSrh» h7 ^' 6 CUrren1 value formation about the sat- 
-nductive .oad caused by fluctuations in the ^T^TcTJ^T^' fluctuations * the current flowing in th e 
voltage value can be eliminated. Further, in the stertinoW 35 1 ' ndUCt,Ve '° ad and f Actuations in the sou ce 
current ftowing in the inductive .oad is If^^Si^^^T * °' ,he CUrrent v-lue^S 

Accord.ng to claim 28 of the present invention V» , ° pera,,on of tne 'nductive load is secured, 
-zed in that feedback current is no" dlSSSSS 'Z^™™ 1 ™ ^ in daim 27 is ^her character- 
from the time when the level of the pulse s anal o? thl Z T t,me informati °o that expresses the elaoSc l2l 
•nductive load; and the current contro^th^ 

a current from a current source flows in the inductive Lh mS ,nformation and the non-drive duty a period when 

at the saturation time when changes ^^1^ I" ^ Va ' U6 in, ° rma,i ° n duri "9 hat pe^Jand 
signal of the non-drive duty become small a^S^^,^^"" in the ind "ctive load bj£p2 
flowing ln the inductive load during the period from i^? ? Value ■ calculates the average value of the > current 
drive duty and ca) lates the J4 P ;^ - •» information.ld;rnon n : 
In th.s way. ,n the case where the feedback current s no^Vt^ 396 CU,Tent va,ue and the "on-drive duty 
.me when current control is not performed, the present met^d o,? !f V3 ' Ue in '<™ation. during non-contm. 

he non-dnve duty, a period when a curren S^SSjlSS T*™ ,rom ,he *™ information and 

nformation at the saturation time during that pSiod calcu, a ?" th 5 the mdUCtive load - re co^s the curren? value 
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calculates a drive duty for current control time from the average current value and the non-drive duty 

♦imJr !!T ^ in , thS ? S , 6 Whe ' e ^ <eedbaCk ° Urrent iS alS0 detected as current value information, during non-control 
time when current control ,s not performed, the current control method receives the current value information at the sat- 

SZhT' r6C T eS VT in,0 / ma,ion ' identi,ies - ,rom the time information and the non-drive duty, the period to 
J£ i^nS J f ' V H CUrrS I 'Ration belongs either as a period when a current from the current source flows in 
J th^nS S? »f h aS , 3 P e ;'°l When 3 CUrr6nt ,IOWS in the induCtive load by the counter electromotK/e force induced 
' , Ca ' CU ! ateS th£ L 3Ver ! 9e Va ' Ue ° f ,he CUrrent ,,owin 9 in the ^^ive 'oad over the identified period. 
™S JJ? "f rm f t,or V he non - dr,ve dut * and the received current value information, and calculates a drive duty for 
Z fl^l ri?" 1 ^ aVeraQe f Un ent Va ' Ue and the non - drive dutv - Therefore, the current value information can 
be detected with arbitrary t,m,ng. so that the detection processing can be simplified. Further, fluctuations in the current 
lowing ,n the inductive toad caused by fluctuations in the load resistance value of the inductive toad and fluctuations in 
the source voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current 
value of the current flowing in the inductive toad is improved, and the operation of the inductive load is secured 
.^^J 9 f C ' a,m 33 of the P resent i^ention. the current control method defined in claim 27 is further character- 
zed m that the feedback current .s also detected as current value information; the signal information is time information 
that expresses the elapsed t.me from the time when the level of the pulse signal ot the non-drive duty changes so that 
a current from the current source starts to flow in the inductive load; and the current control method receives after the 

of the non-dnve duty become small w,th.n a predetermined value, the current value information a plurality of times L 
the current detecting means wrth artoitrary timing, receives the time information corresponding to the current value infor- 
mat.on class.fies the rece.ved current value information, based on the time information and the non-drive duty into the 
information during a period when a current from the current source flows in the inductive load and the information during 
a period when a current flows in the inductive load by the counter electromotive force induced in the inductive load cal- 

^Hn^ZT 9 ?, ^ ° f , th6 r6C !. i « ed CUfrent Va ' Ue informa «°n and the average value of the time information for 
each period calculates therefrom and from the non-drive duty the average value of the current flowing in the inductive 
toad for each period, and calculates the drive duty for current control time, from the current value obtained by averaging 
the calculated average current values in both periods and from the non-drive duty 

In this way. in the case where the feedback current is also detected as current value information, during non-control 
" n curren * contro1 18 not Performed, the current control method receives the current value information several 
times after the saturation t.me with arbitrary timing, receives the time information corresponding to the current value 
information classifies the received current value information, based on the time information and the non-drive duty into 
the information during a period when a current from the current source flows in the inductive load and the information 
during a period when a current flows in the inductive load by the counter electromotive force induced in the inductive 
load, calculates the average value of the current flowing in the inductive load for each period, from the calculated aver- 
age value of the received current value information and average value of the time information for each period and the 
non-dnve duty, and calculates the drive duty for current control time, from the current value obtained by averaging the 

^SS^-STS S in b ° th Peri0dS ^ fr ° m ,he n ° n " drive duty - Therefore ' the cu "ent value information 
2 e n f S wlth arbitrary timing, so that the detection processing can be simplified. Further, detection errors due 
to the no.se of the current flowing ,n the inductive load can be made small. Further, fluctuations in the current flowing in 
he inductive load caused by fluctuations in the load resistance value of the inductive load and fluctuations in the source 
voltage value can be eliminated. Further, in the starting time of current control, the accuracy of the current value The 
current flowing in the inductive load is improved, and the operation of the inductive load is secured 

v al ,,^ C n°H di r. 9 *? ?' ai ?u 34 ° f Pr6Senl inVentiQn ' lhe CU ' rent COntro1 metnod in clairn 33 m °nitors the source voltage 
vo t ao ri. ^ T% f era9e K CU - ren! Va ' Ue by 9iVi " 9 fightings to the received current information, if the source 
voltage value fluctuates during the time when the current value information is received. The current control method 

vT^w T rC ? VOHa9e ^ 03101,13165 the aV6rage CUrrent va,ue bv S ivin 9 weightings to the received current 
™ 2Th " . S T° e ?' t39e * ' UCtU3teS dUrin9 the time When * e current value information is received. Therefore 
I Z ,hl , °T , ! m,0rmat,on due to fl«*«tlon8 in the source voltage value can be reduced in the case of sam^ 
pling the current value information several times. 

According to claim 35 of the present invention, the cuirent control method in claims 27 to 34 detects, from the time 

™ZTLr g r r od of the pulse si9nai ihe eiapsed time from ,he b **™»* <* *• c°™**^££Z 

penod to the time when the current value information is received, calculates the ratio of the elapsed lime to the corre- 

Eum fSXFiST* and ca,cu,ates ,he avera9e current value by correc,in9 the received current va,ue informa " 

th B wiT* durin 9 non-control time when current control is not performed, the current control method detects, from 
the time information, during one penod of the pulse signal, the elapsed time from the beginning of the corresponds 

SUSSST? !^H When J he °y rrent V3,Ue inf ° rmati0n iS received " ca,culates the ratio 9 of the £Z K to 
i T r P *T- f d ° alCU,3teS the aV6ra9e Curren1 value bv correctin 9 the received current value 
information based on the ratio. Therefore, fluctuations in the current flowing in the inductive load caused by fluctuations 
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in the load resistance value of the inductive load and fluctuations in the source voltage ralue can be eliminated Further 

valueand aprede.erm.ned value. The arrent OTl rol method corrects the drive duty in irJe^cSta^e W 

Sit T 1?:* 8 ' ^ ,he Cur,ent * 01 lhe c — *4 in ta 25 She te 
srgnal ot ti!e non-dnve duty does notf luctuate by the fluctuationsin the source voltage value so Ihat^edew on act 
We cent value o, te current toing in the inductive toad ter me noLe 

n. S 1 ! 01 ™! 7 "I""""* iWenli0n ' in ^rentcontrol methodsthatpertorm currentcontrol for an induc- 
toetoew, h pulse-«K«h modulation, there is provided a current control method ot pulse-width mcdu»at too 
non-controt note When went control k not performed, monitors the source voltage value Z ZZ £2 
.nductrve load, tor a time so that Bne induce load does not operate, by a pube 7?^s birtne c Z 

cuirent tang m the M load, receives signal information tor IdentHying a period when a currenZ ZZ 
Mm „ the mductve bad by .the drive means and a period when a current tas in the Tc e bad Zt 

rs a duly cycle for applyrng a desired current into the inductive load during current control toe 

ft. * Wa f^ cur,en,C0 * 01 meWte *backmecunentcausedbymecounler** m oliveforceinducedm 

S t nond, TO duly for control time from the signal information for identifying a period »hen a cune , 

« , 11,6 ^ e cunen. value information was recefved. Therefore, during non-confroi time Xn cuntt 
T h 01 P^" 1 ^- <^ i"*^ means can calculate the drive duty without siting untU tte Ltoa^ me 
when changes ,n average current value of the currert ftowing in the inductive load by the pulse sion7 0 n^non 
dnvedUy become m* within a predetermined value Therefore, Sme until the drive djy fe SS« fteZ- 
ened. Further. Huctuatrons ,n thecunentflowing in the inductive load caused byfluctuafons in the 1^^^^ vS e 

rSirs 

th» £2? to | C ' ain ; k 38 . 0, h *?T inVenfon ' ** "W in claim 37 is time Mormation that expresses 

MmM^n* ii™ 6 1"™ ' eVe ' °' S '^ na ' 0 '*' e ^ 1 cnan 9 es so that a current IrOTthTcwnt 
aurce starts to to n the ndu*e load; and the cunenl control method receives the current v ™S 

^-m, r T 9 " 0 "' ,r0m ,lle ,ime nforma,i01 and ^ 'i™ a cuVertto^ cu!eni 

source flows in he indue ivPlnarihviho ni.ic a ei rt noi «uu^ 1L . . a ^.ciiuiummecurrem 
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current control method in claims 27 to 38 further calculates and renews a drive duty from the signal information in the 
pulse i signal of the drive duty and the current information value about the saturation current flow ngfn KKSTS 
by the pulse signa of the drive duty. During current control time, the inductive load heats up by befn driven so ha the 
'^ resistance value of the inductive load changes, and the source voltage value may change J t3^^?J5 

TT T ,0,ime - " the Peri ° d durins which ,he ca,culated ^ive duty i 'constant StanS?5SS2 

tune taken by the current flowing ,n the inductive load to be in the saturation state, then the drive duty L Slcu a, e d ^d 

ionX"? ? T e r ,h ? 35 dUrin9 n ° n - COntr0 ' time Wh6n CU " ent COntro1 is not P«i*S. Th re S f0 ?i C hfopeTa 
tion of calculating the drive duty in a current control apparatus is simplified 

According to claim 40 of the present invention, during current control time, the current control method in one claims 
25 to 40 monitors the source voltage value and corrects the drive duty in inverse proportion to thTd Serence between 
the mon,tored source voltage value and a predetermined value. In this way. if the duty Wuc«ng means 6*e«sZ«u 

TZnJ l S ° UrCe VO ' ta f 9 l ValUe " ^ H COfreCtS the Ca,cula,ed newes < «™ duty in prepoS^^TSSSS 

be martin h 3CCUraCy 0f ^ CUrr6nt ^ ° f "* CUrrent f ,owin 9 in tne ind ^ by the calculated drive ^Sy can 
be maintained, even if the source voltage value fluctuates. u. ive uuiy can 

t« *al° 0r6i !l 9 1°. V ° f J he Pr6Sent inven,ion - during current control time, the current control method in claims 25 

According to claim 42 of the present invention, the current control method in claim 41 monitors the source voltaoe 

bv Z^lTTt ^ th , e : H e K°I Chan9S " '° ad r6SiStanCe V3,Ue ,rom ««* ha ™9 « -ed JSSSS 
va. I Z V 03 Cl ! 3ted b f° re COrr6Ctin9 the drive dut * the time P eri °ds when currents flowed, and the ave age 
ehenne in iT *? 9e Va,U6S m0nit ° red 31 th6Se lime P firiods - The cur ™< control method calculates th^ ra e o* 
h ?' Ue fr ° m ,he drive historv of th * ^active load before the correction of he drive duty t 

n f ,hl h ' f , C0 ??! the Ca ' CU,ated neW6St drive du,v Spending on the rate of change in the load reSsfance vie 

* fh C re™r° C,ai ^ t 3 ° f I* Pr6Sent invention - in tne ^rrent control method in claims 26 to 42. the inductive load 
BRIEF DESCRIPTION OF THE DRAWING 

the load 3 9faPh Sh ° Win9 re,atim b6tWeen the dU,y CyC ' e ° f the pulse si 9 nal and the valu * °' current flowing in 

wSth m o a du.° a ?o dia9ram "S Sfratin9 I" COn,i 9 uration °* a ** embodiment in the current control apparatus of pulse- 
width modulation in accordance with the present invention 

Fig. 3 is a flowchart showing an operation example of the apparatus illustrated in Fig 2 
Fig. 4 shows a circuit example of the current control apparatus illustrated in Fiq 2 
Fig. 5 is a timing chart in the circuit shown in Fig 4 

Ro 7 S I b '° Ck dia f am of an ABS control apparatus using the current control apparatus of Fig 2 

F,g. 7 » a flowchart showing an example of the operation of the ABS control apparatus illustrated in Fig 6 

Fig. 9 shows a circuit example of the current control apparatus illustrated in Fig 8 
Fig. 10 is a timing chart in the circuit shown in Fig 9 

SSSItSS ; " ,he — < Mrol — - - 

Fig. 12 is a flowchart showing an operation example of the apparatus illustrated in Fig 1 1 
Fig. 3 shows a circuit example of the current control apparatus illustrated in Fig 1 1 
Fig. 14 is a timing chart in the circuit shown in Fig. 13 

Fig. 15 is a block diagram of an ABS control apparatus using the current control apparatus of Fig. 1 1. 
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Fig. 16 is a flowchart showing an example of. ihe operation of the ABS control apparatus illustrated in Fia 15 
Fig. 1 7 is a block diagram illustrating the confiquration of a in, ,rth . r~ mustratea ,n F, 9- 15. 

pulse-width modulation in accordance witMhe pr Sent tendon emb0d,ment the cu, rent contr °' a PPa'atus of 

P^^^ embodiment in the current control apparatus of 

Fia 22 'I V'ZruT Sh ° Wi ? 3n ° Perati0n 6Xamp,e of the a PP ara ^ illustrated in Fig 20 

P F L 2 iid,h saaisss:^ — * — ~ - 

f£' 25 !s * Nr!^ ^l," 0 " ° Perati ° n eXamp,e ° f ,he a PP a ' a ^ illustrated in Fig 23 

p?e S fnnn:l7o C n hart ^ " ° Perati ° n « the ^ a,us in a embodiment in accordance with the 

S^p^SSS,^ 3n ° Perati ° n 6XamPle ° f the 3pparatUS in an ele ™» embodiment in accordance 

o^i 6 :^:^zrr p]es of timin9 in the source vo,ta9e ^ *° * *» o*** 

DETAILED DFSCRIPTION OF THE PRFFFRPPn EMROniMFMTC 

attached E^"**^ aCCOfdin9 * ^ Pr6S6nt ,Wentton Wi " be desC ' ibed be.ow in conjunction with the 
FIRST EMRnniMpiyfT 

widthlodlt^ 
iWontroiltte^^^^ 

controlling the current flowing in induct°ve"oad 8 fnto dSr 5 °> ' ?h ? 9enerat ° r 3 th3t ° UtpUtS 3 pulse si 9 nal for 
flowing in inductive load a. a dut Sucto hat ^^ a ,^ 4 ^ d ^ value of the owert 

detected by current detector 4 and kZKi^ES El „T ^ in, ° rmati ° n ab0Ut the Current value 
the value of the current flowing in Muti^^B^ZS^^^J!^ T^T™ pu,Se aerator 3 to make 
caused by the counter electromotive force occurring X2 S , eedback section 6 that feeds back the current 
ator 3 is a pulse generating ^ea^ntnX^^lT ^ 8> Her6 ° riVer 2 is a drivin 9 me ans. pulse gener- 
means. and feedback ZSmZ a X2SE£ CUrrent de,6Ctin9 dUty iMor 5 is a du * instructin 9 

connected in parallel to indu^^Tw^^i^^L f" ' S C °" neC,ed t0 driver 2 " Feedba <* section 6 is 

nannSomTu^ 

supply Va flow in inductive load 8 whenTe levTc^?^ ' thr0UQh the +Va terminal of DC 

makes the current not flow in inductive ?oad 8 wnen the Tn JSTT^r »*" 3 ' S « " H " Driver * 

feedback current of feedback section 6 and detSs ol *ST * L Current 4 does not detect the 

va.ue information about the value of £S22^^ 

when D rr^is 9 :^ 

hereafter) in whTch inductive Sad 8 does not operatet' made L't ^ ? *T I ^ ^ noM ^ cu ™< 
value of the current made toflow i . indSt"ve load 8 bv dZrt ' ? T l0ad 8 " Current detefcVor 4 detec « s ^ 

current value into duty instructor 5 V 2 a " d 0UtpUtS Current value Ww™tton about the detected 

duty^c^ 
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10 



15 



instructor 5 then gives the calculated drive duty to pulse generator 3 during current control time. Pulse generator 3 out- 
Sad 8 a^KSSSS* 9iven by duty instructor 5 int0 driver 2 Driver 2 peif ™ drive oo - 01 - ^ 

fore !?» IliSJ!? V f U f ? te f ^ CUrrent d6teCt0r 4 iS P r °P°rtionate to the duty cycle of the pulse signal. There- 
fore as a method of calculating the dnve duty, drive duty instructor 5 calculates beforehand, by the following equation 
(1 ). the dnve duty for control time when inductive load 8 is activated and current control is performed 

°op = D nop * 'op I 'nop- (1) 

Inlm^nrf T h *H? h"? S"? den ° t£S n ° n " d '' iVe dU,y - '<* denoteS the ,ar 9 et current value duri "9 current con- 
trol time, and l op denotes the detected current value of the non-drive current 

Further, duty instructor 5 also determines a drive duty from time to time during current control time The detected 
current value is proportionate to the duty cycle during current contro. time, if the period during which the duty cldet 

sss£ , ?i^2 <w t < **t r r?T time hereaf,er) exceeds ,he peri ° d tak - * c^sxtxssj: 

load 8 to be in the saturation state (called current saturation time hereafter). Therefore, duty instructor 5 calculates and 

sss^ d z2? for t c r roi time by ,he ioi,owin9 equat,on (2 > based - the ab °- * s 

the detected current value during the feme when current flows in inductive load 8 by the pulse signal of the drive duty. 

sg °°P = D op2 x 'op / l 0P 2- (2) 

where D op2 denotes the drive duty for current control time, and l op2 is the detected current value during current control 

P g - 3 , is 3 { ' 0 ^ chart lowing an operation example of the apparatus illustrated in Fig. 2. The operation example of 
the current control apparatus in the first embodiment is described in the following in conjunction wfh F?g 3 

In step SI of Fig. 3. duty instructor 5 gives a predetermined non-drive duty to pulse generator 3 which cutouts a 
pulse s,gna. of the non-drive duty into driver 2. Next, in step S2. driver 2 performs drive contro. of inductive 2 I Hol 
lowng the pulse signal ,nput from pulse generator 3. and duty instructor 5 waits for a predetermined time which is L 
penod taken by the current flowing in inductive load 8 to be in the saturation state. In step S3, duty SsluSoTs deceives 

i^SSlSS^ ,rom currem delec,or 4 - which has detected the — value by ~° *™ 

is ^ItZTJr^T^ ? CalCU l a,es - usi , n 9 the ec > uation < 1 >- drive duty for control time when inductive load 8 
LrSS ,k ? !° ! S periormed - ,n ste P S5 - du »V instructor 5 judges whether inductive load 8 should be 
S2S?i?Sr * '° ad 8 ShOU ' d ^ aCt ' Vated ^ CUrrSnt contro '( YE S). then the operation pro 

in» n i'l S 5 S ?" ™ fru u ctor 5 9 ives R u,se generator 3 a duty cycle corresponding to a desired current to be applyed 
° C fT ed ,r ° m Ca ' CU,ated neW6St dUty and ,he current value information detected I byTurrent 

2St? f 9 H n Q erat0r 3 0UtpUtS 3 PU ' Se 5i9nal 0f the dut * c y c,e **" °y du * 5 into driver * 

fo step S1 6 '° ad 8 Sh ° U,d n ° l be 3CtiVated Wi,h CUrrent «"W (N°>. then the operation retms 

instrSn^imfp!^ ^"f* f C ° mPan5S C °" 5tant dnve instructi ° n «me with current saturation time. If constant 
ns ulrV^t current saturation time (YES), then the operation proceeds with step S8. In step S8. duty 
instructor 5 calculates and renews the drive duty for current control time by the equation (2) from the above constant 
drive duty and the detected current value, since the detected current value I proportionate to the duty cyT ZnTe 

Zn lT Pr ° C 1 St ! P ' f ' 10 S,eP 37 • 00,1519,11 inSt,UCtion time does " ot exceed "«nl saJatL time (NO) 

then the operation proceeds with step S9. In step S9. if the current control is not finished (NO), then the operation 

£££ 5 Jons ,nl / T ^ ^ "P-" 80 " W » h S ™- SS5 

instructor 5 stops the current control and the operation returns to step S1 

•o ^ s yif °« operation described above is periodically performed with a predetermined period, and inductive load 8 
s abated by the newest computation results in activating inductive load 8 and starting current control further during 

^^bTS^^i?* UPda,6d " I 6 "* 90 3bOVe - Th6ref0re ' in the currentflowing in induTve 

£a target value ^""^ 6 Va ' Ue ° f the CUrrent f '° wing in induclive load 8 is im P roved 

ripn ^ 4 sh ° WS 3 ci ^uit example of the current control apparatus of Fig,2. The same components as in Fig 2 are 
denoted by the same symbols, and their descriptions are omitted here 

55 Fpt'^'Lh a C "L rent ? 0n i r01 a PP ara,us 1 emprises a microcomputer 1 1. a diode 12. resistors 13. 15. 16. an NMOS- 

LLli ^ • h % VI ' ndUCt,Ve ' 0ad 8 and di0de 12 are connected in parallel, and the connection between the 

2 «r 1 1 m ^ l03d 8 iS C ° nneCted 10 the +Va ,efminal of the DC P^ r supply Va and to mTcrocom 

puter 1 1 . Microcomputer 1 1 monitors the voltage of the DC power supply. microcom 

The connection between the anode of diode 12 and inductive load 8 is connected to the drain of NMOSFET 14 
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res<stor 15 is connected to the AID converter termS S It ^ecHon between the source of NMOSFET 14 and 
verter terminal is grounded through capacitor T m ' Cr ° COmputer 1 1 trough resistor 1 6. Further, the A/D i con 

tute driver 2. Resistor 15. 16 and capactor ^S^^^^l^^ 14 and ' eSiSt0r 13 ^ 
F,g. 5 is a timing chart in the circuit shown in Fig 4 In S 5 Z ° J - °f 12 fUnCti ° nS 35 feedback se <*°" 6. 
the pu.se s,gnal output terminal of microcomputer 1 Th " 0£ 2 t!l t P lT ^ 3 puise * «iW from 
mductve load 8. The monitor voltage means the v^r^TI^ T * °' *" CUrrent ,lowin 9 in 
becomes the current value information about the current 2 Z« V^, 0 ™*** te ' minal of ™™°mputer 1 1 and 

In F,gs. 4 and 5. inductive load 8 is activated bXl by CUfrent detector 4 - 

of putse-width modu,ation is P^i^^5£j^ 1 ST ,B f ' 0Win9 ,herein ' Current control 

t-ng a pu!se signal. Diode 1 2 makes the 9 W ' th ,UnC,i ° n ° f ^^puter 1 1 output 

8. and feeds back the current caused by the ^S^S^T^T. * ^ in inductiv * ^ 

eve. of .he pulse signal output from microcomputer ITS^Z^S?^ ***** & Whe " the ^ 
f lowmg , n mductive load 8 is converted into voUaoe bJ th J L , ^ 1 4 « on. At this time, the value of current 

terminal of microcomputer 1 1 through tTu^^^^T ^ V °' ta9e * inpUt l ° the ™ c ° " ^ 

In such a configuration, microcomputer 1 1 olu s a Z ° ^ CaPadt ° r 1 * 

non-drive current into inductive load 8 during non£T«i^»\ 9 * dUty t0 ^OSFBl 14 to apply a 

ve load 8. The non-drive current is in the SZZ^X^^™ * performed fo ' activated K£ 
composed of resistor 1 6 and capacitor 1 7, and a esuH * cL lan , I ? ' ° ^ reSiSt0r 15 and ,he ""er 
m.crocomputer 11. ,f the saturation voltage va^n^o a£ 96 * ' npUt to the Converter terminal of 
denoted by ^ and if the resistance value of shunt restetor S^S^^ " ' V °' ta9e ^ 

From this equation and the equation (1), the following equation (3) is obtained. 

, ^ll^ X '° P * Rsn * ' V (3) 

D o P = (D op2 ) 2 w opXflsns/%/2i 
where V spl2 denotes the detected voltaae whir-h ic lh „ . • 

the time ij, ,„ e drh , e is .J^S C^SlSS ^ PU ' ■ *° ■«*- - 

senes of operation described above is nerinrtiraiiw ~ ^ i 
» activated by the newest computation results in S 25 S prede,ermined ? eri <*. and inductive load 8 

current control time, the drive duty is updated as ^ZtoTj^ ? 'k^ 9 ° M Further - d ""9 

"oad 8 are ehmmated, so that the accuracy in the current Slue of th^urf err0 '' 5 -' n GUMnl ,,0win 9 in indu ^e 
a target value. rem va,ue of the current flowing in inductive load 8 is improved for 

« load caused by lluclualiona a »,, load resistance ^uZS^ ""f""™ of currentf Icing in g, ind uc- 
the number of used parts can be reduced by Ihe usTol^l ! . M V °" a3e ralue can be eliminated. Further 

F% « is a block diagram of ,„ ABS ^Z^TuSS """f ^ 50 *" ^ 005,5 5a " te reduS 

? ,s,na,o^ tlrc ™ P n l c ;r fc coSS^ 

signal input from wheel spead Mnsor 25 The S^S^ ™ ,0 « oafoulations and iudgmenls based on the 
installed lor each wheal, but the lollowinn Z^Z.. ' nclud " ,a ,ne " heel end the wheel soeod «.„ J, r! 
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of <J!. * P m ft ? ° f ^ e Va ' Ve °' S0 ' en0id ValVS 30 is connec »ed to master cylinder 21 by a pipeline the port B of the valve 
neSd tfwhfr v h ^Tk^ ,0 reS6rV0ir 32 by 3 Pipeline " and the P° rl C of the valve of soleno^alve 3ots Sn 
r^n^n h Y f ? ? 3 P ' Peline - Fur,her ' the port C 0< ,he valve ol s °'*™d valve 30 is connect to the port 

y Fu I thr ° U9h ? he t V3lVe 36 ' WhiCh makes brake " luid ' low °"'y i" *"e direction from the port C to port A 
.nn L " tba connect, ° n betwe ^ th * port B of the valve of solenoid valve 30 and reservoir 32 is con^ecteJ I to one 
end of pump 34 by a p.pel.ne through check valve 37. The other end of pump 34 is connected to masSr cvlSdt pi ^! 

be P £n n ^ r n OU f R Ch H Ck ^ Ch6Ck Va ' Ve 37 mak6S brake ,,uid *^ 0".y ITS SSt £^2£S££ 
^ras^rcylindeT'r 6 " 0 ' 32 1 ° PUmP 34 ' Ch6Ck V3,Ve 38 mak6S brake ,,Uid «° w in direct t?om pump 
Here solenoid valve 30 is a three-position solenoid valve having the pressurization mode holdinn mndP an n 

of th™*n.^ 30 SWit< ; heS ? 8 pressurization ™ de - "o'ding mode, and decompression mode based on the value 
of the current flowing .n soleno.d 31. For example, if the current value is 0. then solenoid valve 30 is Pitched to S 

ZZTS r lf 5* c r rt va,ue is /1 • then so,enoid va,ve 30 is swi * hed * - Zl 

value s 12, then soleno.d valve 30 is switched to decompression mode, where 12 > /I > 0 

inout S w^!, 0ntr0 ' C o C c Uit 26 Comprises a wheel s P eed ^Iculator 40 that calculates wheel speed from the signal 

SSSSSSE^t^ P6ed Ca ' CU,at0r 41 ^ Ca,CU,at6S 3 reference spe^for judging 

wnemer ABS control should be performed, a wheel state detector 42 that detects the wheel state such as wh* h*r tho 

wheel ,s locked or not. a solenoid driver 43 that performs drive control of solenoid vale « ^SSS^JSTj? 
heTunem °' T ? ' ^ 45 ^ ° UtpUtS 3 PU,Se si 9 nal * ^ dSstXTilK 

sor 2ri h nL a » 0 r^ 0n,i9 1 Urati0n - Whee ' SPe6d CalCU,at ° r 40 Shapes the wave,orm of the A C signal outp Jt from wheel sen- 
■a."!"" - if"? "f " C " > ' " S iud9es lhe wheel 15 to*^ » •» 0'lterence between the wheel sceed inoul from 

noid 31 CuZi ST? !f t0 l 46 d ! teCtS th6 Va ' Ue ° f the Current a ^ b V st > la ™« driver 43 and flowing in sole- 
SSiS^S^S^ f W 6 d6teCted CUrrent V3lUe 35 CUrrent va,ue ^formation into control Sen llnd 
ca.cu.at,on sect.on 47. Control judgment and calculation section 47 calculates beforehand the drive duty fo?A B T<Snt"ol 
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time when solenoid valve 30 is activated H 

section 47. which deiermin.t r» <****» 42 ,he " Mpuis 1h« iX~^f ,ele,ence s PaM calculate, 41 k 

>° <M* in this e aS9 InTdTy C yd 9 1 te S'" °' b ' ake " uld *^™«£%%£ZT M 

»*ael cylinder 23 sttrB cumo'.-S^ ? S " re ol b '» ke Raines Wn7n «h ™f^, °" side 01 c* 

port of solenoid valve <w ic ™ . H 6 ho,d,n9 mod e- Motor driver a& ^ . ,low ,n solenoid 31 of sole- 
Wring £^ 

de Wnte^« MSWJ B|^?{* S ^SS !S I"*™™ te conl.ol iudSSS^? 1 f ,al9da «to 42 judges 
IMon secta 47 instruct Sr "loT"""? fi WM^?S^ T «ffi!fflta 

=-Se\X^ 

316. solenoid '*** a0n * 01 ,he ^22^? """**'• *» »P*e gen 

m . "> s '«PS18.eon, raljutlgm . n , andca . *•»»«.«»«„„ solsndid 3, bysol.n^ 

tamed or no, „ om ^S k "'^ aMk " ^'n^XX?*** '«*"<"<* 
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forms current control of solenoid 31. In step 22. control judgment and calculation section 47 compares constant drive 
instruction time with current saturation time. If constant instruction time exceeds current saturation time (YES) then the 
operation proceeds with step S23. k 

« Jl S S P S , 23 i S .' nCe Xh f de,e ° ted ° Urrent Va ' Ue iS P r °P° rtion ate to fhe duty cycle, control judgment and calculation 
section 47 calculates and renews a dnve duty by the equation (2) from the constant drive duty and the detected current 
value. Then the operation proceeds with step S24. If. in step S22. constant instruction time does not exceed current sat- 
uration time (NO), then the operation proceeds with step S24. In step S24. if ABS control is not finished (NO) then the 

SS2S? Um ? ; "'i" S, . eP S24> ABS COnt,0, iS <inished (YES) ' ,hen the °P eration P roceed * with step S25 

In step S25. control judgment and calculation section 47 terminates ABS control, and the operation returns to step S15 

The above series of operation is performed at a predetermined period. 

As described above, if control judgment and calculation section 47 determines the reduction of the brake fluid pres- 
sure on wheel cylinder 23 from the wheel state detected by wheel state detector 42, then control judgment and calcu- 
lation section 47 gives pulse generator 45 the duty cycle 1. so that the current 12 flows in solenoid 31. Pulse generator 
45 outputs a pulse s.gnal of the duty cycle 1 into solenoid driver 43. Solenoid driver 43 performs decompression drive 
of solenoid 31 of solenoid valve 30 following the pulse signal so that the current 12 flows in solenoid 31 

Similarly, if. from the wheel state detected by wheel state detector 42. control judgment and calculation section 47 
determines to maintain the brake fluid pressure on wheel cylinder 23. then control judgment and calculation section 47 
gives pulse generator 45 the drive duty calculated beforehand so that the current /1 flows in solenoid 31 . Pulse gener- 
ator 45 outputs a pulse signal of the drive duty into solenoid driver 43. Solenoid driver 43 drives solenoid 31 of solenoid 
valve 30 in the holding mode, following the pulse signal, so that the current /1 flows in solenoid 31 

Further if. from the wheel state detected by wheel state detector 42. control judgment and calculation section 47 
determmes to terminate ABS control and the pressurization of the brake fluid on wheel cylinder 23. then control judq- 
ment and calculation section 47 gives pulse generator 45 a non-drive duty. Pulse generator 45 outputs a pulse signal 
of he non-dnve duty into solenoid driver 43. Following the pulse signal, solenoid driver 43 applys a current in which 
solenoid valve 30 does not operate into solenoid valve 30. Control judgment and calculation section 47 calculates from 
the current value information detected by current detector 46 and the non-drive duty, a drive duty of a pulse signal for 
driving solenoid valve 30 during ABS control. 9 

In the case of using the current control apparatus of the present first embodiment for the ABS control apparatus a 
pulse signal o the duty cyde 1 is used for applying the current 12 into solenoid 31 . The duty cycle for applying the cur- 
rent 12 into solenoid 31 can also be calculated the same way as the duty cycle for applying the current /I 

In this way. the current control apparatus in the first embodiment of the present embodiment can be used for a drive 
and control apparatus for a solenoid valve in which three states are switched between the pressurization mode holding 
mode and decompression mode, based on the current flowing in the solenoid. As described above, at the start of the 
current control of the current flowing in the solenoid for activating solenoid valve, the solenoid valve can be activated 
with a drive duty obtained beforehand from the latest computation results 

Further, a drive duty can also be determined during current control time. A series of operation described above is 
performed with a predetermined period, so that the accuracy in the value of the current flowing in the solenoid com- 
pared with a target value can be improved. Consequently, the fluctuations of the current flowing in the solenoid caused 
by the fluctuations of resistance values and voltage value of the power supply can be prevented, and the operation of 
the soleno.d valve can be stabilized, so that the performance of ABS control can be improved. 

SECOND EMBODIMENT 

i F ' 9 '^u S 3 b .! 0 ? k di3yram illusUatin y the configuration of a second embodiment in the current control apparatus of 
pulse-width modulation in accordance with the present invention. In Fig. 8. the same components as in Fig 2 are 
denoted by the same symbols, and their descriptions are omitted here. 

The current control apparatus of Fig. G differs from that of Fig. 2 as follows. Driver 2 is newly denoted by 51 which 
is connected to pulse generator 3. the plus terminal + Va of a DC power supply Va (not illustrated), and inductive load 
e ^ U * e '° ad 8 ,S H con " 6Cted i , ° cu " en * detector 4. One end of feedback section 6 is connected to the connection 
between driver 51 and induct.ve load 8. The other end of feedback section 6 is connected to current detector 4 Conse- 
quent y. the current caused by the counter electromotive force induced in inductive load 8 is fed back through current 

^1 SEEKS section 6 of Fig 2 is new,y denoted by 52 - and current con,ro1 appara,us ' is ™» 

ind„r';iSiH C « Urrent , COntr01 apparat f 50 c ° m P^es a driver 51 that controls the onK>ff of the current flowing into an 

drier 51 Trf'r T^T l** 0{Am5 * PU,SS Signal for cMin * the curren< ,lowin 9 in inductive load 8 into 

dnver 51 a current detector 4 that detects the value of the current flowing in inductive load 8. a duty instructor 5 that 

S5TSi£ C T ent Va 'r ^T' 0 " 3bOUt ,he CUrrent Va,ue de,ec,ed b * current dete <*» 4 ™« calces ?he duty 
2m* L ul P h 6 °f Ut ,r0m PU ' Se 9enera, ° r 3 ,0 make the va,ue of lhe curre ™ «°"ing in inductive load I a 
target value, and a feedback section 52 that feeds back the current caused by the counter electromotive force occurring 
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10 ...plus ,e, mi „a, + Va of a DC «£XS£Z<% Zt ot" 9 ^'*" " 5 °" e «« * 

not flow in inductive load 8. when the s^Te,7^T^Z^Z T?? 3 " " " H " DriVer 2 makes the <™S 
back section 52. and detects the currenFva.ue of the cuneSSn ?2 h ' « f* de,eCt <he ,6edback current * 
mat.on about the detected current value into duty nstruZ 5 Pu 2 ? f 1 '° ad 8 to **** the current value infor- 
ca,cu,ated^ 

tare load 8. Current detector 4 delects the value of f^^^LT^- iS made ,0 ,,OW thereb V i" indue- 

mat.on about the detected current into duty instructor 5 9 '° ad 8 and outouts «"rent value infor- 

The method of calculating a drive duty by duty instructor * , c «, 

;^fu;~^ 

The connection between the cathode of dinHo io^-^ , 
The source of PMOSFET 14 is connTcle to the Wa fe'tLTof 'a 0^ 8 * to ,he d ™ of PMOSFET 66 

computer 60 monitors the source voltage of the SST^J 00 P ° W6r SUpp,y Va and * microcomputer 60. Micro^ 

61 and ffZXEXl ira= SS^^^T** « - — — - -sters 

of microcomputer 60 through resistor 64. The (innection S£ 1 ' S Connecled t0 pulse signal output terminal 
m.na. through resistor 65. Further, the oJ^SS^S^P ? T*™ 61 62 iS COnnected *> ^IS 
verter terminal of microcomputer 60 thnxS^Sj^ ^^^l^ r ^^«^^^^D^ 
ca P ac,tor17 - 9 esis ' or 16- Further, the A/D converter terminal is grounded through 

as Pule^ato^^ of^t^ ^ h * * Computer 60 functions 

st.tute driver 51 of Fig. 8. Resistor 15. 16 and ^Sl?^^ ' ^ NPN tranSiSt ° r 63 ' and PMOSFET 66 con 
feedback section 52 of Fig. 8. P C t °' 17 COns,,tute current detector 4 of Fig. 8. Diode 12 functions as 

Fig. 1 o is a timing chart in the circuit shown in Fiq 9 In Fir, 1 n «h , 
he pulse s.gnal output terminal of microcomputer 60 The ? * ° U ' PUt m6anS a P ulse si 9 n *' output from 

■nduct.ve .oad 8. This value is the same as iCZ^JueZec^l t T*™ *" V£ " Ue ° f *» cu " ent «™>^ 
the voltage mput to the A/D converter terminal of ! Y Shunt reS,stor 15 " The ™nitor voltage means 

the current value detected by current detector 4 m,Cr ° COm P uler 6 ° becomes the current value WbrrrS^S! 

JJ a Pulse signal and NPN transistor 63*52 12™LJ^ZZ« "* ^ ,UnC,i ° n ° f mic ™°"P"ter 60 output 
nducfve load 8. and feeds back the current ca^^ e ^^^, aPP TT Wy ""P"*™*. * the current in 

PMoI^^ indUC6d " indUCtive load 8 - » 

PMOSFET 66 ,s turned on. At this time, the value of current flowing ! in h . T N 1ranS ' St0r 63 is turned on - then 
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ssskkse scrr ted inductive ,oad 8 Fo,iowin9 this 

while by the shunt resistor 15 and the L^mT^^^LT^^ T"* * ,he SatU ' ation state after a 
voltage is input to the A/D converter termina I of ' SSSS^ wTS?* ft "J 1 ? ' ^ 3 r88uHin8 C ° nStant 

verter terminal is a detected voltage value denoted bv V T^fS * ♦ y 0 "® 96 ValUe ' npUl t0 the ^ D co "- 
by R sns . then V s p'' and ,f the re s'stance value of shunt resistor 15 is denoted 



V spl - I nop x Rsns- 



w From this equation and the equation (1).the following equation (5) is obtained. 

°o P - D nop x / op x fl sns / Vspi (s) 

atrSren™ 

the above equation (4). for the case ^Z^SZ^t r * ' miCrocom P uter 60 calculates the drive duty by 

th^T^^ 

that P^^^ control apparatus as the first embodiment. For 

illustrated), and one end of MdJS^^SS^S^^ term '"^a of the DC power supp.y Va (not 
feedback section 48 connected to ih* m IZ u , s°leno.d 31 is connected to current detector 46. One end of 
feedback section *" J***" ^ *" The ° ther end <* 

induced in solenoid 31 is fed back SSX^Srtd^S Ifi th ,L CaUS6d by ,he C ° Unter el «*°™t-e force 
f irst embodiment and omitted here. ^ me omer P art ° ,the description is the same as in the 

THIRD EMBODIMENT 

P u.se R L 1 tn 1 i£EZs^^ in the current ™™ - w— * 

denoted by the same symbols and their ^escrSf JrT « J u 9 " I 1, the 53,116 com P° n ents as in Fig. 2 are 
described in the following. descnpt.ons are om.tted here. Only those points different from Fig. 2 



- insta^ inXS^^ as «~ * P- — (not illustrated) is 

terminal of the DC power supply star ts to f low S i S oaSS ""f^T ** ^''^ thrOU9h the +Va 

elapsed time into duty instructor 5 as a^SUSS^ f I measured. Pulse generator 71 outputs the measured 
current value from curre* deSSor T^SS^ZT^ ^ 5 det6CtS the timi " 9 for monitorin 9 

drive duty that duty instructor g^^SSSS T™*? T^T ^ 71 3nd the non - 

mation about the current value detected b3 h«!J2 7« '„ * ,nstruc,or 5 then receives the current value intor- 

generator 71 is newly denoted ^TSSS^SSS^^ 77 dBtected ^ With these ch ™^- P*e 
newly denoted by 70 * ,nStructor 5 ,s newl V denoted by 72. and current control apparatus 1 is 

induSveloaS \ ** COntr ° ,S ^ 0n -° ff ° f the — »-ing into an 

into driver 2 and outputs pulse Z, a l n ormaS^lJ T<l ?™ ° r COntro,,in 9 the ™ r *<* "owing in inductive load 8 
tor 72. a current detected tnT^^^^^ ^ meaSUred by the * u,se *"* » duty instruc- 

detects the timing for man^t^^^^£2;'; SS^SL^ ^tT"* ^ ** 
pulse generator 71 and the non-drive duty given to Dulse aenZL*. ii P S ' 9na ' ,nformation from 

rent value detected by current detect^W^^^S^T!?? ' '"T ° Urrent Value infor ™«°n about the cur- 
output from pu.se generator 71^^^?^^^' and ca,c f te f a 'yc.e * the pulse signal 
value, and a feedback section 6 that feeds back the LZ l *2T? induCtwe load 8 be comes a target current 
inductive load 8. Here pulse genera to Tl i s oil Zl the COun,Gr electromotive force occurring in 

means. generator 71 is a pulse generating means, and duty instructor 72 is a duty instructing 

6 is cornMM in parallel loinduclrvetoaa "t rDnwSSS*22jS ^ f°- 93 '° "" Ver 2 Fe6dba * 5ecfcn 

ror example, driver 2 makes the current provided through the +Va terminal of the 
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duty into driver 2 so that a non-drive current is rmd^to ,fow h V * PU ' Se Si9 " al of ,he 9 iven drive 

ures. using the pulse time, pulse signal info matS abo^n* I ? y d T 6 '° ad * Pulse 9enerator 71 a| s° meas- 
from the time when the pulse signaL the on S'e d ut oulTllT^ * *** ** * the e,apsed «™ 
become at -H" .evel, to output the measured time into outy Suctor 7 2 " 9enerat ° r ? ' 2 ' S de,ected to 

va.ue frl^r ^^^^ir^ 118 ^ fc " bnMfcn ab0Ut «» det ^ d -rent 

then receives the current value I information ErJ^S^T ^ ^ 8 by * Duty inStruct " 72 
changes in the average va.ue of the cmJS^^^i^T 9 th * PM ' at the satura «™ «^ when the 
mined value. Duty instructor 72 then calcula tesTrtr 1 ? ^ I 8 Per UPIt time become smal1 within a predeter- 
inductive .oad 8 during current control Z ^^Tl^h " f ^ ^ ** aPPlyin9 3 ^ CU '« 
instructor 72 then gives the ca.cu.ated ^^^J^J^^ "**"? ° n 3nd ,he non " d ^ Duty 

-io^cuZ"^^ 

driver 2. Drive duty instructor 72 then calculates hvThTill ^ 3 CUrrent f,ows in inductiv e '°ad 8 by 

tive .oad 8 is activated and cur^^^TSl^. fan0Wng 6qUat, ° n (6)> 3 ^ duty ,or control when indue 

D op=O nop x/ op / F (/ nop , T sp „D nop ). (6) 
25 where T sp/ is detection time and R/ T n \ ;^ , , 

current value, detection time, and the P non-drive duty 9iVSS ^ 3Verage CUrrent valuB from the Elected 

p«^^!ESS2 SSSStSS^SK duri T c r nt contro1 time - The detected ««« -.ue ^ 

time. Therefore, duty instructor 72 StaSS^^tl 1°1 T V" *" 6XCeedS CUrrent satura «°" 

» 7) based on the above constant drive du ty the w^iSl? ^ T^' *"« by ,he fol,owi "9 nation 
load 8 by the pulse signal of the drive dutv and nVti;, ^ ZlTJf.^ au " n ° the time when cu " e "t «°ws in inductive 
the receiving of the deteded current vafue'. " - that,sthe ^psoj time from a rise of the pulse signal to 

D *- D «*'2 x/ op/G(/ qpa .r^,D op2 ) (?) 

-nUoSfee^ 3vera9e -.ue from the detected current va.ue during cur- 

offbe^^^^ 

change from the first embodiment to the thi"eSo d ime 1 Z Xt^r TZV * W " h ^ ^ the 

generator 3 is changed into pulse generator 71 and current rnnt nf l f Changed ' nt ° duty instructor 72 - ***** 
ratus 70 with these changes The same processfno a, n p T I ! 3p . paratus ' 1 is chan 9ed into current control appa- 
and their descriptions are omitted herTand only those di, X J , I Ch3n9eS te den0,ed by •» same -V**. 

The flowchart of Fig. 12 differs from the Tnl £ I / u * ff0m F ' a 3 3re descri bed in the following, 
replaced by the **cJ*^^£Z£^*f£ f °"° wi " 9 ™e processing of stepS3 in Fig. 3 is 

The processing of step S8 in Fig 3 is replace ^bWhe D l S n , ^ * £ rBptaead by the processin 9 of S32. 
instructor 72. pulse generator 71 is ch^^^^.'^S?* ^ S33 " °^ instructof 5 Ranged into duty 
current control apparatus 70 with these changes ' ^ COnlro1 ^P 3 ^ 5 1 is chan 9ed into 

matron input from pulse generator 71 and the non-drivp ri, Z n / P 9 " al ,n,ormati °n. »hat is. time infor- 

value information from current deltordulaSSitfL^? m ?2 then reCeiVeS the de,ec,ed curr ^ 

drive duty for contro. time when h^^a^SSSS^, T " ^ S32> duty instru ^ 7 2 ca.cu.ates a 
from the non-drive duty, the current value about the r TT COn,r °' ' S perf0rmed - usi "9 the equation (6). 

tion. Then the processing from step S5 to S7 in Fig 3 h^SSS? * " det6Cti ° n * n8 ^ ' S the ,ime 

isdr^-^co^ 

current control, the drive duty is updated as described I above ^L?^ tm9 CUrtent COn,roL Further - durin 9 t" a 
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target value. 



Here, in Fig. 1 3. resistor 1 5 functions as a «h, ,n« r ~™ eri f > ,em ™al of microcomputer 75. 

th« n ?' 3 ,,m,n9 Chart in the ci,cuit shown in Fiq is ft Z £ £ ?' 15 functions « current detector 4 

the pulse signal output terminal of microcomputer 7S Th J? w ' the pufee ou *» rf mean s a pulse signal outout frnm 

of pulse-width modu.ation is performed l^l^S^T^ * *" ^ ,he ™- Current contro. 

ST~3SiSRES3Sr£a 

In th,s way, the timing for microcomn, *«• 7* , 
signal inputto the gate ^ I^O^^^,^^^ votao. value is .imited to the time when th. 
the detected voltage V spl depends on time^o that^ 



/ nop = «,(V spl . T sp „ D nop )/ft sn£( 



where HilV T n \ • 

" (8 ' l8 "»™»v--PO„en Sa , taa . ()n . bwaca „ bere9atledasaInesirtoaion 



22 



EP 0 779 631 A2 



detected voltage based on the ratio. Therefore for examl hp h « $ ' 9nal Ca " be Calcula,ed t0 correc t the 

in the pulse signa. and detection time is ^ ^ ™ Petween the cen,er val ^ of a period of "H" 
to obtain the following equation (1 0). * proport,onal coefficient to be added to the detected current value 

"«(%/• T spl . D nop)= V spl+a * {Tpwm x Dnop/2 . 7sp/)i (1Q) 

^ZJgZl&i a SLX^SrbT^ W the P6ri0d ° f the pu,se 

based on mu.tiple sarrpfing data S^e^T?)^S ^ ** iS C3,CU,3ted 

age values can be made small. 9 equal,ons < 1 1 ) and (12), errors due to noise in detected volt- 



v s P i = X V spli lm 



m 



(12) 



h, ^tsiisss ^si'srsir.r r c r nt — a — - * »• * 

Only points different from Fig. 6 are described here * ' 3 ^ descri Ptions are omitted here. 

so^*^ 

fa., of the P u.se signa. to output the measured ^ the 6,apsed time *«" a rise to a 

mation. Control judgment and calculation secion 47 2 S !? C *^ , ^ 47 -P^^lnfc*- 
detector based on the pu.se signa. information nputlom P^se ^Z^l^T?!!" ^ V3 ' Ue < r ° m Current 
47^,vesthe current yaluejnformation about the currTrtvalu fSESt? Contro1 J ud 9 ment and calculation section 
t.m,ng. Therefore, pulse oene^wte change^inT^^^ 

is changed into control judgment and calculation secfion 8 | and ; , I^ 9 ™" 1 3nd section 47 

control circuit with these changes. ' a ° d elec,ron,c control circuit 26 is changed into electronic 

wh4?^ output from an electronic control circuit 80. 

brake including the whee. cylinder and the wheetspeeS sensor is *S£^£? Z"* ^ 25 ' The whee < 
are g.ven for a representative one wheel 3 " ed <0 ' each wheel - but the following descriptions 

wheS^ «0, a control reference speed c,cu,ator 41 . . 

noid driver 43 for control of the current f lowing* so eno I 131 and ontn , ? 81 ^ ° UtpU,S a pulse si 9 na ' to sole- 
82 the pulse signa. information about the pSse «^^^S?!T 3 1°™°^™* «"d calcu.ation section 
judgment and calcu.ation section 82 that detects SfcS^JSjEK; 3 CUrrent detec,or 46 ' *" control 
recedes the current value information about the current value dT^H? V3 ' Ue ,f0m Current Sector 46. 

jming. and calculates the duty cycle of the pu.se ZTortlulo^J* T **** 46 fo "° Win9 
flowing in solenoid 31 becomes a target current vX and e ffiZE£l T^? 5 S ° ^ the Value of the cur ™t 
by the counter electromotive force induced in solenoid 3 T SeCt '° n 48 th3t ,6edS back ,he curren t caused 

driver 43. Solenoid driver 43 is connected to «J?dSSSJ?^ 81 * C ° nneCted to so,enoid 

and calculation section 82. Solenoid valve 30 more strict Ztt ? 46 <S connect ed to control judgment 

8 of Fig. 1 1 Solenoid driver 43 is driver 2 of Fig 11 tSS^S^°1 31 ° f S0 ' en ° id V3,Ve 3 °" iS induc,ive load 
tor 46 is current detector 4 of Fig. 1 , . Control SgmeVrtSn 5^^^^"!^ 41 ° f Fi ^ 1 1 ' detec- 
back section 48 is feedback section 6 of Fig 1 1 calculating sect.on 82 >s duty instructor 72 of Fig. 11. Feed- 

wheiu P ee^^ 

calculator 41 is less than a constant vJES^£5i^t^ W fr0m C ° n,r0 ' reference ^ 

calculation section 82. which determines the non exeLtio T£^rT<T * JUd9ment ,0 fl0nW jud 9 ment an d 
9 ™-~^^^ 
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2i£ET int ° S0,en ° id 43 S ° ^ " by WhiCh S0,en0id va,ve 30 *es not operate flows in 

section 82, which determines the redutln ,2 hra L n h " 1 6 ,UdQment l ° C ° ntr °' iudgment and calculation 
duty, in this case ^^1??.^^^^^^? wheel cylinder 23 to give an appropriate drive 
and calculation section £ also instnTs ^ /2 ,l0WS " S ° ,en ° id 31 " Con ™ 

into so^S ^ by *"*«"■ «- Nation section 82 

the current 12 flows in solenoW a I Moto dn^Td^L mnt™£ ?" m °? I™* baSed ° n the pu,Se si9nal so tna1 

that wheal l^wng £" tSfJSJSS IS SS5£S2?i££? °" 23 ' Wh6el sla,e « iudg« 

daerminlnglotJmtateASI^i^^^rtJli ^""j^^ a™««lculaion section 82. VVhen 

Won section 82 inanS VnSJdnW «1o s?« ? ° n Whee ' Cylinder 23 ' cortrol Womtw^nd celcu- 

duty by the equation (7) from iecSSS dTive dut ^^e dlte^ ?" ? ^ * ? Ca ' CU,ateS 9nd renews the drive 
ing in solenoid 31 by a pulse signal S dr ^1^1 ? ' Va,Ue dUring the ,ime when a current is ,low - 
signa. o, the drive l^o S'HCiS'dSSS^X™ " ^ ^ " " ^ ^ 

•onowlng de^iptn ° f the ABS ™™ in Fig. 15. in the 

culation section 82 pie oenerator ^45 ^^ , T ^ SeC, '° n 4? iS Chan9ed into contro ' and cal- 

into e.ectronic con^ S ^^^SS^T^^ ' ^ 26 iS Cha " 9ed 

The^et^ 

replaced by the processfng Sep • S^n^^T^" 9 , 0< St6P S3S - The P rocessin 9 ^tep of S23 in Fig. 7 is 
and calculation ^^S^SSSZ^I ? ^ * Chan96d int ° M « Judgment 

changed into electronic oonfcSS^IlJS^ " * 96nerat ° r ^ COntr °' drCUit 26 is 

and the non-dnve duty, the ptS^hen S t^n^^T^T P ^ ^"^ator 81. that is. time information. 

:trxe^^ 
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with step Ssfln 2 S37 "olnt^fn Cti °" tim * cu '™t saturation time (YES), then the operation proceeds 

S™?™ ,h P " lament and calculation section 82 calculates a drive duty from the equation (7) 

and performs the same processing as step S24 on in Fig 7 equation (/; 

,urp A rfn C !!K Cri ? ed , a H 0Ve ;o f° ntr01 jud 9 ment ^ calculation section 82 determines the reduction of the brake fluid ores- 

v^e 30 rnThe^^in^Ze 2 i ; hedr 7 h dut V n,OSO,en0id dr ' Ver 43 " S °'*™ d 43 drives soTenoS 31 EES 
valve 30 in the holding mode, following the pulse signal, so that the current /1 flows in solenoid 31 

nu^Ll nHh 0 ' Hi" 9 ? rrent T** aPParatUS ° { the Present third e"*°di™nt for ABS control apparatus a 

and Ine SSSTJi" r 31 " 6 ° f the S °' en0id 3nd the volta 9 e value °< power 

and the operat.on of the solenoid valve can be stabilized, so that the performance of ABS control Tcan be proved 

FOURTH EMBODIMENT 

nu^Lm mon". 0 ? dia9ram i " UStratin9 ,he Conf i9uration of 3 fou « h embodiment in the current control apparatus ol 
pulse-width modulation in accordance with the Dresent inv^minn in p;« it ^ ^ c^diciius ot 

connected to the connection between driver 51 and inductive load 8 lha rahar m miu^^e. . r .° 

Sor vl aM™^t i nn 0, T°", ,,0m r S : 0S,nM, ° r 71 • Whelher "» Cu "« i*'™>''°" £po. tom'euSS 

SISTER 

8. Here pulse generator 71 ,s a pulse generating means, and duty instructor 72 is a duty instructing means 



25 



25 



elapsed Bme ^ JT- «*• atgnal rtornnation about hpS» £ ""J & Pulse »"«*» 71 alS 
» delected to become at SIT, 1 " pulse s «" al °' «» new ive dutV™!!?. 6 oulpo1 to a ™«' 51 . that is , h . 

from pu.se generator 71. ST".** inf ~on about Xe 2Sj5' d8 lime bec °™ 

" a period when a current flows int^? ? ,hen detec,s wh a'her the time B reS2 th ^ V3 ' Ue was receiv ed. 

motive force induced in W^Sj?^ 8 8 by driver 51 « a perbd IS^^T™*^ in, ° rmation ^ 
»ng a desired current into induZi .f h o "* y ' nstructor 72 then calculates a dll w ren, u ,lows b V the counter electro- 
time information, and SEEKS 9 '""^ C ° n * °' lime K^t^SS * 3 dUty cyc,e apply- 
instructor 72 then gives !££Z2%- TP ' prede t^ined «»J!on^iSISL? ' * ^ in,or ^tion the 
» «-Pute a pulse signa. oHhe dSy^f T *? t0 PU,S6 ^^^S^S^^ det6C,ed e eriod - Duty 

. A series of operation described abov. « e,ectro ™«ve force 

«a^^ 

on and then PMOSFET 66 is turned TZ T m ,r ° m "Computer TbZTZZTV^* induCed in ind ^ive 
voltage by the shunt resistor 15 Th ?" " ,h ' 5 time ' v ^ of current f £L!L* *T NPN ,ransistor 63 is turned 
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depends on tinre. eo M.Z'ZtT^C^" "* " """^ """"^ "*"" V * 

..on „3, ls cerf*, „o *Ns"ito andl" ' k *" , '" i ' d P *" X ' The,e *" e - 

D » " D w « '„ « B„ /J<V,„,. r^. D„). „„ 

duty to the calculated drive do™ 9 """ ,o1 ,,me ' lhen """W ■««« 'he latest drive 

- fuoerion. then the raSo ot deSon » "he o™oo o. -K l^hl" f ""'If 08 a ' e by . in- 

period ol -L- in the Dulse sionnl r-„n h" „i . . f ? putee s ' 9n *'' or •"• ,a,io ol detection time to the 

exenple. the SiSSZS r^' 1° "*Z2£££? B ^ TJ °h" *" Th *'*"- 
by . propose, coulee, to he added to the Z£2£$ ^ F-Kj^S^™ 



7-sp/. O^) = ^ + ax(T pwm x D 12 - T .), 



where °SV S WV 



pwm x u nop'' i - I spi). (14) 



J <^ S p/. 7-^. o„ op) = »/ sp , + Px{Tpwm - (1 . D nop )x W 2 - T spl ). (15) 
wh ere T^xD S T^ s T pwm , p is the slope of the detected voltage during the time when PMOSFFT ar ■«= 
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T spl. D no P ) = {Jon( V s P l_on. T spl_on> ^ nop )xa + J off ( V $pf _ ol( , T sp/ _ off , D nop )*b) I (a + b). (16) 

where J on (V spl on , T spLon> D nop ) is the average voltage value during the time when PMOSFET 66 is on- J „{V 
Jspi oft, 0 ) .s the average voltage value during the time when PMOSFET 66 is off; a is the number of samples duFinq 
the time when PMOSFET 66 is on; and b is the number of sump.es during the time when PMOSFET 66 is off Fu, the? 
v s P i_on. Upton* Vsptoff. T spLoff in the equation (16) can be expressed by the following equations (1 7) to (20). 

a 

V spl_on = £ V split a ^ 
/=1 

a 

T spi_on = £ T splj /a ^ 18 j 

i> 

V sp/_off = Z ^sp//^ (19) 
/=1 

TspLoff - X ^sp/Zto (20) 



1=1 



m* J f™?^ ° Urth embodimenl can b « used for an ABS control apparatus as the third embodi- 

Jlni r n T^?' S °^ n0,d dnVer 43 IS connected to P"'se generator 81 . the plus terminal + Va of the DC power 

?ne P end n o S22? ' T °2 °' S °' en ° id 31 " ^ 0ther end * S ° ,en ° id 3 1 iS COnnected *> c ™< detector 46 
2? hk ? ^• SeC , t L° n 48 ,$ connected t0 the connection between solenoid driver 43 and solenoid 31 . The other 
end of feedback secfon 48 ,s connected to current detector 46. In this way, a current caused by the counter electron^ 

FIFTH EMBODIMENT 

a n^l, n a the C ^ rent C ° n1r01 apparatus of ,he third embodiment, a pulse signal of a constant non-drive duty is output to 
In^Tf ^ ? Urrent th , at ^ 6S ^ aCtiV3te ,he indUCtive ,0ad " However - in the cu " en * control apparatus ol S d 
2221 Jf-' , PU 86 T 0 *? ° f dUty CyC ' e 1 may be 0Utput dur,ng a period to a PP'V a non - d "ve current thaYdoes not 
SnlSr ° 3d , A T^l T™ 3PParatUS ° btained by SUCh ^ifications is the tifth embedment tn the 
cur. ent control apparatus of pulse-width modulation in accordance with the present embodiment 

F.g 20 .s a block diagram illustrating the configuration of a fifth embodiment in the current control apparatus of 
r ,Ulat '° n iP accordance with the P^sent invention. In Fig. 20. the same components L n Fig 1 1 a °i 

^^t^ZST ' and their descriptions are omitted here - ° nly poin,s di,ferent ,rom J ! « 

n^tlrf IT*? ^ ntr0 ' appa, ; a,US ° f Fi 9- 20 differs from ^at of Fig. 1 1 as follows. Duty instructor 72 of Fig 1 1 is con- 
oTv Va £ 1 P ^ 7: a +Va * DC POW6r SUPP ' y (n0t il,ustrated )' so that *» voftaoe value of the DC power sup- 

a^ f^n f V J Uty mStrUCt ° r ° U,y inStrUCt ° r 72 is chan 9 ed into 'n^ructor 101. and current control 
apparatus 70 is changed into 100 with this change. ° ™ 

c 0 ni!ni.S,'f h ° 0 ' Curren * contro! apparatus 100 comprises a driver 2, a pulse generator 71 thai outputs a pulse signal for 

SS^S^EZ 8 ,n 1 ?? load 8 into driver 2 and outputs pu,se si9nal informati ° n abot * the pu ^ e si s- 

to 7oi that deL c r ; I ° 3 * ' nStrUCt0r 101,3 CUfrent det6Ct ° r 4 ' le6dback section 6 - and the instruc- 
tor 101 that detects the timing for monitoring the current value from current detector 4 based on the pulse siqnal 

1 7 T PU ' Se f n6rat0r 71 and ,he n ° n - drive du * 9 iven to P ulse aenerator 71 . receives, following the detected 
,m,ng current value information about the current value detected by current detector 4. monitors the voltage va.ueff 
the DC power supply Va. and calculates a duty cycle of the pulse signal output from pulse generator 71 so She value 

™* h°k "£ ' n ' ndUCtiVe '° ad 8 beC ° meS 9 target Current va,ue " and a feedb «ck Section 6 i^^aUeeds back he 
SnTmSn? occurring in inductive .ead 8. Here duty instructor 

Current detector 4 is connected to duty instructor 101 . Duty instructor 101 is connected to pulse generator 71 
Duty mstructor 101 detects the timing for monitoring current value information about the de3 ^n'va.ue 
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generator 71 so that thp vah ,* ^ ,nsiru ctoi 101 then calculates a dutv rvrb ni *h« aetec ts the voltage value 
tolnjctor 10,. * m 2 aM to pulse signal IntamSta! iS^r!a?2> ^ 

J? ? K(/n< "" ^ ^ is a ,unction t^t gives the (21) 



FuMher.dutvinstoior'l ,, '" i "*' a " n0 in<,u « i ' e 
°<<d«drt»8du,»ilhchaZJ^ 

° O p = (W30/VGl)x O c 2> 

where VGO is the voltage value of th* ™ ° P < 22 ) 

— .tfm.M.JL. "*-"»»— enDop2 , saa „ rtnM . M fe|hectew 

Further, f D r> a Hriw^ m * , , c//1 ,s the change 

'9 nop' ' nop » 

(24) 

H an = *, yp x{1 + cx(/ c// + Pxe . 25)7100} 

(25) 

f cu =25 + (100x1/, xD // d / . 

* "nop^RypXzxl ) - 100 / £ , 

where ^ p b the value of the load resistance at 25 o P . - „ (26) 



t// 'S the 
and e is the tran- 
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Here, the above power consumption P by the load can ho , , 

y load can be calculated by the following 



P = V x r 
v av x -Lav 



equation (27). 

(27) 
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75 



wh ere V m \ s the average voltage value nf th» ™ 

Plied with current? of Se « » Unt " ,he dnVe * con^t* l?IL ar l' M' 5 ' ,he 3Vera 9 e valL * of 

following equation (28). ' ' " ,hen the av erage value /„„ of the load current' ' . UCt ' Ve ,oad 8 ,s SU P" 



y (28) 
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in Fta. 12 with ,hS e chfng™ * s *S2'h °,r en ' comro1 ■"**» 4h SSr^'' ' nS,ruc,or ,01 ' «" 

after waiting for a oredetermin^ dUCt ' Ve load 8 ,oll °wing the Dulse Snn2 P , rede,erm ' n *d time. Next in step 

( step V cSSSSS O^sToe^H ^ST' ^ ^ 9e "— " ■ C 

detects the source t^S^^^^T^ ^ «™* ^^^i^T*- ^ 
when inductive load 8 is activate aScZ ^ S,ep S44 ' dutv in ^ucto 72 ^^^ ^ P6riod and also 
current value about the dSSS^T ^ " Per '° rmed - using the equation Jet , l T dU,y f ° r COntral li ™ 
step S5 to S7 in Fig. 1 2 is ^ and Section time that ? s •nTS^'^^S^ ^ ** 

A senes of operation described abo ■ Processing f, om 

voltage value of thetowe, S S^T?" ,ime ' S not lon ^ SrS^SS^ T^ 0 " ° f Ca ' CUlatin 9 *I 
.^entflowingintheinduS^ 

a™ as F,g. 13. Therefore, the circuit example 
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of the current control apparatus illustrated in Fie ?n i h 

8. At this time, microcomputer 75 measS IT ^ CUrrent pe fa,e ,0 W a non-drive" 

Ply Va and receives, as detecting , tfmLT Pen ° dl micr °computer 75 reads inihf I The " at ,he ,im * when the 

and detection time T spl . First ' Perf ° rmed " ,rom ,he source vo.fcge vat time -nen inductive 

e "'9' ,ne detected voltage value V sp/t 

^' nqp. V "*) = M( ^, T . U) / fj 

where . r v \ • p sns> 

(29) can be expressed by ^ mow J^^ ^rtrng current control. 

M{V s P -T spl . V,g) = R sns xV./R 
where r < sns "ig'^cii- 

ofthedutyc^^ • <h (30) 

e'o,d. 8 .and ni51heoutputperjodofth&pu 

^ can be expressed for the time coordinate , by 
h Vspl R ™ x V <9 1 R c, * {1 - expi-R^Lxt)} 

F lh Vsp ' = Rsns * v * ' R «> * f - exp(-/? ca /z. x r ,), 

. Asenesof operation described above i,n ■ „ micr °computer renews the latest drive 

equ,re a filter circuit, and the nuJSS^f* dutv can °* shorten* I A J ^ mined Va,Ua Therefo ^. 

dnveduty is simplifL If co JSS^. 0 ™ COntro1 * no, p2^^2f y IS ^ ,cula 'ed and renewed in Th e 
voltage value of the po^S « SS 0 " ^ " n0t ^ » a "^n ^atonT*™ ° f Ca,Culati "° K 
currentflowing in the inductive load bv w f , res,s,ance v a'"e of the induc«veSrt ^ and if chan 9^ in the 
-ng ,n inductive load 8 are eZ^c JLT^ du,v can be n£2Z TherT"' 80 aCCUra,e va,ue - the 
8 -s .mproved for a target va™ ConBe ^. a <*^cy in the current ^e 0 Hh e ^ IT* ,he CUrrent 

wme current flowing in inductive load 
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SIXTH EMBODIMFiMT 



ann. °. T?T* ° f the f0U ' th embodiment ' a P ul ^e signal of a constant non-drive duty is output to 
apply a non-drive current that does not activate the inductive load. However, in the current control apparatus of the 

ZtTTTT, 3 P . U ' Se Si ? na ' ° f th6 dU,y CyC ' e 1 may be ° Utput durinQ a P e ' iod to a PPV * nonXTcurrent t2 
f SI - 7 6 , ' ndUCt,Ve ' 0ad A CUrr6nt COntr °' ap P aratUS 0b,ained * such Edifications is the sixth emboSmen 
.n the current control apparatus of pulse-width modulation in accordance with the present embodiment emb0d ' ment 

n „JJ g '^i ' S ? d ' a9raril i,lus,,atin 9 the configuration of a sixth embodiment in the current control apparatus of 
pulse-width modulation ,n accordance with the present invention. In Fig. 22. the same components as Z Fbs 1 7 and 

on./!] ♦ C ! J K l ' en I t C ° ntr01 appara,us 01 R 9- 22 dif,ers that of Fig. 17 as follows. Duty instructor 72 of Fig 17 is con- 
nected to the p us terminal + Va of the DC power supp.y (not illustrated), so that the voltage va.ue of the DC power sup- 
ply Va is monitored by duty instructor 72. Duty instructor 72 is changed into duty instructor 101 ana currem coZl 
apparatus 90 is changed into 1 1 0 with this change. current control 

In Fig. 22, cun-ent control apparatus 1 10 comprises a driver 51 , a pulse generator 71 that outputs a pulse siqnal for 
nTT: 9 th H e K CUrrent , flowin 9 in induc ^ ^ 8 intodriver 51 and outputs pulse signal information ab^Uhe pX L g 
na measured by a pulse fmer (not iHustrated) into duty instructor 101. a current detector 4. a feedback section 52 the 
duty instructor 101 that detects the timing for monitoring the current va.ue from current de ector 4 based on the ou se 
signal information from pulse generator 71 . receives current value information about the current value dieted bv cur 
rent detector 4 following the detected timing, monitors the voltage value of the DC power supp y ^ anTca^ates a 

be^^ 

Current detector 4 is connected to duty instructor 101. Duty instructor 101 is connected to pulse generator 71 
Duty instructor 0 instructs pulse generator 71. during non-control time when current control is not performed to 
output a pulse s.gnal of the duty cycle 1 for a time so that inductive load 8 does not operate. Pulse generator 7° oXute 

L P h « e pT b3Sed ° n ' ,nS,mCti ° n int ° dHver 2 to contral the current s ° ** a non-drive current Sfin rSSe 
Z lZ^r 9e T ai Z 71 also , measures P" lse signal information about the pulse signal output into driver 2 tha Ts 

o Z f *T the p P r' Se Si9na ' ° f dUty 1 0U,PUI int ° driver 2 ,rom pu,se 71 was detect^ 

!nstuc°ri01 .' P " Senera, ° r 71 ° UtpU,S thS in,ormation a °°* the measured time into duty 

th* „^ dUty . inStr , u * or 1 01 receives the ajrrent value information from current detector with arbitrary timing receives 
wTSi 9 h V 6 1 ? P ° Wer SUPP ' y 31 th3t time ' and reCeives time informafon abo "t the time when the Sent valS 
SIl 1 ' PU '!f 9 u enerat ° r 71 • ° Uty inStruCtor 72 tnen delects Aether the time it received the cu en va ue 
mformation was a period when a current flows in inductive loads 8 by driver 51 or a period when a curlenUlows b? he 

££Z eleCt , r0m0t,V , e forCe indUC6d in indUC,ive ,0ad a Du * instructor 72 t^n ca.cS.ates a dL duty wh cMs a duty 
cycle for applying a desired current into inductive load 8 during current control time by driver 2 from the cuTrent va£ 

SSSSSS time in,ormation ' and the source vo,ta9e va,ue - using a predete - ined -^^I!^^ 

f„n,! Here ^ a ( S 8 T h °^ 0< calculatin 9 the drive dLJ ty. duty instructor 101 uses the above equation (21) However the 
unction K { l T , Dnop ) in (21) is replaced by appropriate ones corresponding to a period whe a cu«s in 
inductive loads 8 by driver 51 and a period when a current ffows by the counter e. Promotive force Sli^rS^ 

ic h A "J*^ 0peration described above is periodically performed with a predetermined period and inductive load 8 
T l y , 6 neWeSt COmputa,ion resu,ts in activa «ng inductive load 8 and starting current control 
Further duty instructor 101 calculates beforehand a drive duty for renewal by the equation (7) if constant drive 
instructs time exceeds current saturation time. If constant drive instruction does not exceed current saturaS w 

resistance value of the load resistance of inductive load 8 varies with a rise in the temperature of inductivetoad 8 hen 

^fShar, Z C ° rreCtS USm9 ,0 "° Win9 eqUati0 " < 23 > for Cha "9 es in the re stance ' ^ 

chart o Rn S ?TI, nQ an n ° Pera, r 6Xample of the a PP ara t us "'crated in Fig. 22 is obtained by modifying the flow- 
W H2 r r'r . ^ ^ Dm& 2 15 51 . The drive duty is calculated depending on whether °he 

a nertod wh? n » °" W3S r6C6iV6d Was 3 period when a cu ^t flow, in inductive" loads 8 by dri ver 51 ^ or 

JZ Z th T Current J lOWS by the Counter e, ectromotive force induced in inductive load 8. The other part of the oper 
ation is the same as in Fig. 21 . and its description is omitted here. P 

nt th^T K^ Perati ° n described above is Periodically performed with a predetermined period, and similar effects as 

£ TVZZ7T"T ° btained - FUrth2ri the CUrrent ValU6 informa,ion is received and P^ssbc w r^ylim 
mg. so that arithmetic processing can be simplified. aronraryiim 

A figure showing a circuit example of the current control apparatus of Fig. 22 is the same as Fig. 18 Therefore the 
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received detected voltaoe va? 1 V C6d ,n ,nductive "oad 8. Microcomouto -7« ? 3 per,0cl when a current 

measured time that is deLr ,'• ^ V °' ,a9e at the when the ? CU ' a,eS 9 driv eduty, from the 

beforehand a dr^duty £JST? "° V °'^ by .h,^^ *>? « become constant 6 

r,e ' sp /. by the following equation (31). 

K Vnop. T spl , V /g ) s N( „ T 
25 where N(V , T 1/ \; , 47 sns ' 

('nop. VL] 
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Further, the detected voltage value V , can hoa (32) 

V sp/ can be expressed for the time coordinate * by 

= « sns x ^ / R cil x { i . exp(-ft o/z . x0) 

&b is off, then the detected voltage value 1/ i, 

96 value v *pl can be expressed by 

%/ - "sns * V. g I Rcn „ exp(-fl c , Ax0 . 

>n this case, if PMOSFET 66 is turned off from on. at, = „ x r th 

nxl pwm- then 

tfsns - V /fl / R cjl x {1 . exp( . ft 
Therefore. " " ~ sns 7 * We*"-*/)- 



'-^- R ^^W = e Xp( - flc// ^, 

/ = -/./fl e/ ,xlog{i-e xp (-fl c(7/Lxnxr 
SOthat ^ a »- h ^-W^-<7 5p/b ecomes 
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V %~ fl "» x Y* /R c//xexp{-R c ,/Z.x(f + t . nx7 - , 



*p» ■ nx Vm) + log{l - exH-R-JLxnxT 



pwm 



)}]. 



From this equation, the value of ft c „ can be obtained. 



. ■ ■ — ^ ^ l "c// oe oDiained. 

-^SSKLS u P SLT^ above with a pained period and 

. Further, microcomputer 78 calculates S^tL Sl "T*" ^ 8 and S,arti "9 ™t control 

SST T T ceeds current sa,ura,ion «™ «^2^^SS^2 u S on (9) ' for the case where constant 

duty to the calculated drive duty. 9 ™ COntl ol t,me Then microcomputer renews the latest drive 

trary tuning, so that arithmetic processing can b7s^m P l«iS ' n, ° rmati0n " r6CeiVed and "£ SE 

SEVENTH E MBOniMFMT 

laroe. A seventh embodiment in lhe c „, „, ^ * <"V «J be made M » m . source JLJ."^ 
"Whton realize* mess modi , lca , ions . R IT diao^m T*" 10 " "«» *. 

detector 4, calcu.ates a duty cycle of the SSStaT ab0Ut the det6C,ed curren * v ^ from current 
mo .n .nductive load 8 becomes a target Lrt^e^SS^f 3 S ° ,hat 016 value of ^ current Z 

the non -drive duty depending on changes in iV^rJJI^^ !?? °' the DC P° wer ««* to cL£t 

Duty .nstructor 121 monitors source voltage durino nt>n7«2 5 * duty Instmcti °" means, 
he value of the non-drive duty depending onXnqSTS ? Wh8n CUrrent Contro ' is "<» P«formed corrects 

2. Iran, the current value intormation KH£ «»S « 'oed 8 during current control tVnZSc, 

Here, duty instructor 121 monitors source voltaae Th»n ..^ 
•nstructor 1 2 1 corrects the non-drive duty if the monitor^ 9 ,' V,n9 * he nM,ve dutv to ^* generator 3 dutv 
by making the drive duty larger in P^^i^l^^T' " Sma " er 3 P«**^C 
value. If the monitored source voltage is larger than a . 1 6 monrtorfid v a'ue and the predetermined 

duty smaller in proportion to the diffeU ST^ti'SS^ ^ ^ ^ inStmctor 121 -"kes he drive 

Further, duty instructor 121 also determined * d, to 2JT * a " d the P red «ermined value, 
and r e n ew S the drive duty for current JJJ^ ^^S^^T^T* ^ D ^ 121 ^es 

current saturation time. If constant drive instruction time Ses no?~S >" " C ° nS,am drive instruction exceeds 
101 corrects the drive duty using the above equation flfuor CU "^ Satura1ion time - duty instructor 

Fig 24. duty instructor 5 is changed into duty instructor 121 anT/.^ °" 0W,n9 in con i u nction with Fig. 24 In 



EP 0 779 631 A2 

symbols and .heir descriptions are omitted here, and only points different from Fig. 3 are described in the following 
™. h ? 9 - 24 diff6rS <r ° m the ° ne 0< Rg - 3 in the followin 9 Poi"ts. The processing of step S1 in Fio 3 is 

olfep Is/ sTeo^X^T ** 7* " ^ jUd9emem reSU,t in Step 35 * NO ' then »he ope^t on etu 
to step S51 . Step S21 is added between steps S7 and S9 in Fig. 3. Duty instructor 5 is changed into duty instructor 1 21 

Rr steo si oTf^h , 5 °7' 9 ; 21 ^ ^ replacemen ' of instructor 101 with duty instructor 121 
suoolv In In <?J h ? 9 i ; du ]y ' ns,ructor 121 m °nitors source voltage to detect the voltage value of the power 
supply. In step S52, duty instructor 121 g.ves a corrected non-drive duty corresponding to the detected source vZ 

*£Z ^^S^roT^Ll 9 ' a lf current contro * is not performed with activated induclive load 8 < N °>. 

.Next in step S7, if constant instruction time does not exceed current saturation time (NO) then the ooeration nr« 

sstks^s, 8 ? di ? jt uc,or 121 correc,s ,he drive duty ,or ^^^^sjx^; 

^^S^^^^t an9es in lhe ,oad resistance value usin9 the equa,ion < 23 >- The - the 

♦ho if^ operation ^scribed above is periodically performed with a predetermined period and effects similar to 
he f,st embodiment are obtained. Further, if source voltage varies during the time when a nonO ive c reSl apSd 
n mductive load 8 with a constant non-drive duty, the above series of operation is periodically ZZmZ ^^£ 

temped period. Also .nductive load 8 is activated by the newest computation results in activXg inTuSve toad 8 and 

Further a drive duty can also be determined from time to time during current control time as described above If 
constant dnve mstruct.on time is longer than current saturation time, then the drive duty is canted anJrent^ bv 
ZZH B 'r T h? 8 d r n9 non - contro ' ,ime ^en ^rent contro. is not performed. Therefore. SS^pScSTSZ 
cte'n^ 

fhl 1 S ^ tUr f °" t,me ' and ,f cn a n 9es in the source voltage value of the power supply and the load resistance value of 
S?: eloa f cur " l K he accurac * * the detected current value of the current Sowing n lhe inSe toadfor th e 
s^nt fh y b i ma,ntained Therefore - errors in the current flowing in inductive load 8 are e iminated Con 
sequently. the accuracy ,n the current value of the current flowing in inductive load 8 is improved for a target vafue 

EIGHTH EMROniMFMT 

Jn the currem control apparatus of the second embodiment, when a non-drive current is made to flow in the indue 

Z Z T^ COnSlanl n ° n 1 r r duty " the Va,ue ° f the non ^ ive «*» "» changes as sour J Tvoltage ihanges There- 
fore the detection accuracy of the current flowing in the inductive load varies with source voltage Therefore as in 1 he 
seventh embodiment, source voltage may be monitored, and the value of the non-drive duty may be made sn^l if tne 

aS 9 ^ 6 1 Va ' Ue ° f the ""^ dut * ^ be ma de '^e if the source v Cl ^ 

An e gh h embod.ment ,n the current contro. apparatus of pulse-width modulation* accordance wii the oZent invet 

S the sam^f m0drf T at, ° nS - 25 iS 3 blOCk diagram the configuration of the Jgh emboo ment n Fig 

HI n^T COmponents as In F, 9 S - 8 and 2 3 are denoted by the same symbols, and their descriptions a^e omitted 
here. Only those pomts different from Fig. 8 are described in the following descriptions are omrtted 

The current control apparatus of Fig. 25 differs from that of Fig. 8 as follows Duty instructor 5 of Fin a i«= r h=nnoH 
conn^T T*. "I" 3nd C r rent COn,r0 ' 3PParatUS 50 iS Chan " ed 1 30 ctanle Du ly^Twt 

bJ^^.sKssr«~ comprises a driver 51 ' a pu,se 9enera,or 3 - a —*» 4 - a 

in Pi^ST C ^ r l ShOWi !] 9 an Operation examp,e of th e apparatus illustrated in Fig. 25 is the same as the flowchart shown 
As ^^ercribed 1"^ °T th V f r 2 iS Chan9Sd in, ° driV6r 51 • There,ore - its des -P«°n ^ omitted here 

the s ar effects as of the sa,enth embodiment are obtained in the cu - nt ™™ a PP^- « 

NINTH EMROniMFMT 

a . in'?h D h ! CUrr ?r C T tr °' a P para,us of the mrd embodiment, source voltage may be monitored, by the same reasons 

va. e is larr a nri a ? d T 6 ^° dime " ts ' and the ^ * the non<irive duty may be made small I the source vo age 

ofthe non S h k *1? ^ h * ™ de ,arge if the vol1a 9 e val "e is small, and the value 

f pu.s^w,rmoTaSn m , " "5 S ° UrCe V ° Ha9e ^ " ' ar96 - A »** ^-ent in the current contro. 
apparatus of pulse-width modulation in accordance with the present invention realizes these modifications. A block dia- 
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current flowing in inductive load 8 become" a ^^^2^?? ^ PU ' Se B ~ Dr 71 

Duty instructor 141 monitors source voltage oVv^I n J Ut/ inSt, UClor 141 is a du «V instructing means 

In steo S7 i'f ? he .°P erat,on returns to step S61. . ' currentcontr °' ■ not performed with activated 

step S7. ,f constant drive instruction time does not exceed currpnt * ♦ « 

exceed current saturabon time (NO), then duty instructor 141 



36 



EP 0 779 631 A2 



c^fn e thII e a H Uty Chan9 f ^ S ° UrCe V0lta96 USin9 the above ^ ualion P2» ««« corrects the drive duty for 

i^v^r^ e ,oad 8 using ,he above equa,ion (23) - ^ me ° perati ° n pr ° ceed " 

*h„ A Ti 65 ,? ? er !! i ° J n described above is Periodically performed with a predetermined period and effects similar to 
those of the th,rd embod,ment are obtained. Further, if source voltage varies during the time wh e a non d Zl Tu re m 

LTJS ,n H UCt,Ve i 0a i! 8 ^ 3 C ° nS,ant n ° n - drive dut * the above series of op!J^ Tpetd ca. y ^perfo med w th 
a prede ermmed period. Also .nduct,ve load 8 is activated by the newest compulation results in activating induSve S 

.SSIST eref0re " ^ 3CCUraCy ^ ^ CUrr6nt ^ °' the ™" in i^ivetadSs 

further, a drive duty can also be determined from time to time during current control time as described above If 

ZSlZ«:T U T n !S ' 0n9e ' than CUrrent Saturation time ' tnen < he «™ ^ty is ca^atS an?5new?d b J 
atlno Zl ^ S r'" 9 n0n " COntr0 ' ,ime Whe " CUrrent Contro1 is not P erformed - before, the opera^rcalcu" 
^SSS^^Z^ COmr ° ! a r raXUS ^ be S,mp,i,ied - " C ° nSlan1 drive ,nSt ' uction time is ™* 'o^erthan 
SuS«t2 ?h 965 '"I 'u 6 S0UrCG VO ' ta9e ValUe of ,he power su PP'y and the load resistance value of 
«l 22 J T h ? " k 3CCUraCy ° f 1,16 del6Cted Current va,ue of the current f,owin 9 in the inductive load for the 
stLutT El V ^ .1 ! maintained - ^ t"e current flowing in inductive load 8 are eliminated Con- 

sequently, the accuracy .n the current value of the current flowing in inductive load 8 i S improved for a target vaTue 

TENTH EMBODIMENT 

sonJlfin ih Urrent "ST aPP , ara< f ° f th6 f ° Urth embod '™"». source voltage may be monitored, from the same rea- 
sons as ,n the seventh to n,nth embodiments, and the value of the non-drive duty may be made large if the source vott- 

^hnf m e J S t Sm t f ' ^ Va ' Ue ° f the ^ duty ma * be made s ™» « *°urce voltage value is fa^ge A ten h 
embedment .n the current control apparatus of pulse-width modulation in accordance with the present invent real- 
ms these modrf.cat.ons. A block diagram illustrating the configuration of the tenth embodiment is the same as Fig 22 
SI iioT ? 3t ^ inStrUC, ° r 101 ° f Fi9 " 22 is into duty instructor 141 . and c Tappa 

7 are deicrfbS int ? 7™' ^ ' 5 ° ^ Cha " ge - Therefore - «* ^ P° inte *S ■ 

1 7 are described in the following in conjunction with Fig 22 

Fin I5lT a ent C ° ntr 4 0, ^ p P aratus of the ten * embodiment differs from that of Fig. 1 7 as follows. Duty instructor 72 of 

X mt £ dUty ,nStmCt0r 141 ° f the ninth em bodiment. and current control apparatus 90 is changed into 

J^^S™** 1 41 iS C ° nneCted t0 the P,us terminal + Va of th * °C Power supply 

so that the voltage value of the DC power supply Va is monitored by duty instructor 141 usiratea;, 

Fia 2J 5S2 T^™ ° f CUrrent COntro! a P paratus 1 50 is the sa ™ as the flowchart shown in 

2 *h i J ,Ver 2 ,S Chan96d int ° driVGr 51 ' its description is omitted here. 

ternhlJS^ • ' S 35 ° f Gmbodiment are stained in the current control apparatus of the 

40 ELEVENTH EMBODIMENT. 
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T LnH L nil , ^° W » 3 T 65 L ample ° f ,he CUrrent COntro ' Watus in the third embodiment, the detection time 

l£ Hn f T Va ' Ue Vs "' are Samp ' ed 3 P ' urali, y of times and ** aver ages are used to calculate a drive 

7 m S ° UrCe Chan9eS dUri " 9 the Samp,ina ' and if ,he drive d ^ is calculated using the equaUoS 

(11) and (12) then errors ,n the current flowing in inductive load 8 occur. Therefore, the source voltage value may be 

h 0 ro A ^ CK di3 f am i,IUStratin ? the con,i 9uration of the tenth embodiment is the same as Fig. 22. so that it is omitted 
Sthe fSr^T^^ CUrr6nl C0ntrO ' aPParatUS the e,eventh e-bodiment is described in conjuS 
^tteTSre ^ Pr ° C6SSin9 35 ^ 21 " den0ted by ,hS Same Symbo,S " ^ ,heir d escriptions 

71 nUnl 21 ' * I' 5 ' ^ St ? fJ ' dUty inS,rUCt0r 141 9iveS 3 preset non-driveduty to pulse generator 71 . Pulse generator 

ELSSi'SSrsi ? :r du,y . in, ° driver 2 - Next in s,ep s?2 - driver 2 p ed ° rms d - e - w!5z 

rhlLc P 9na ' ' npUt ,r ° m PU ' Se 9 enerator 7 1 • Duty instructor 1 41 waits for a predetermined time until 

22X assSST" of ,he current f,owin9 in inductive ,oad 8 become sma " within a pred — 

value ^iSr I S'i a i , ! er | the Predetermined time ' dut V '"structor 141 monitors source voltage to detect the voltage 
o^a^Z ^V V k° T 351 " 68, USm9 3 pulse timer - P" lse sianal information about the pulse signal input from 
pulse generator 71 , that .s. the elapsed t.me from the time when the pulse signal of the non-drive duty output into driver 
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'lows in inductive loads ££££ 5 th Si 5 ° Uty instructor ^ thi^^^^™ ^ *e coun- 
Next. in step S74 dutv inl f ♦ ^ CUrrent va,ue ,r ™ current detector 1 1 9 Pen ° d When a cu ™"t 
been sampled ?S!iSS^STn 2* Wh6,he ' the current value ^ ^ inf °' mation - 

ation returns to step sTS « tha sam P |in 9 has not been made the nrS* ,he source volla 9e value have 
with step S75. ,n sTep'Ss S y tKf^ 7* *» ^ ^ ^ the oper 

times, those sampled values tfn ^ , 2 Se ' eCts - from ,he current value inftl. i' the ° pera,ion P ro «eds 
value at the .as, sar^ ^ stepsTd ? V °' ,a9e value * ^tSSSSS - ^ predet *™ed 

^on^ 

'n Fig. 28. H denotes the sourro ,, 06 V °' ta9e is described 

Rrtw. a drive dm, «£^'2S£iS* ** """ll w 8 ' s •*■<«< byl* „e». 

the inductive load occur men 22? " S ° UrCe VO,,a 9 e value of £ su™? '"T* 0 " time is not than 
the calculated drive du, v can aCy ° f the detected currant valued ^ the ,oad distance value o" 

Consequent,, t^^^i^^" 1 ^ -ors in XS£l£S™*£* ***** load <°' 
Further, in Rg. 18 , whfch iSstrates a ** ,lowi "9 WuflZ "SaS I XT °!? 8 are e,imina,ed - 

However. a current proved wl' * v J*'*" toad if *• level of fT£SST t pu,se «•"«•« 
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Claims 



1 * A c ^ rent control apparatus that 

-"-™ «d said non^ ^ b"«i on «, curre „, va.S?™,^ " '° ■* in<,u *° 

irom said current detecting 

information from s.ld cuir.J 7222 Cu,re ™ """"I «™ based on ua n™, T M,d pul " Sana.alinj 

5. A current control apparatus that nprfn se s '9nal of sa.d drive duty. 

k»d during J ™ S ^°'Z " W \' U * "** « » iZEto.^ ? i0 induaiTO toM *» > ™ 
««* and saki non-drivaV n0 "*« **■ «« eu™, va.ue htanlS.'S^ 1 ^ £££ 
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inductive load, said current value information from said current detecting means at the saturation time when 
changes in i the average current value of the current flowing in said inductive load by the pulse signal of said non- 
drive duty become small within a predetermined value, and said non-drive duty. 

The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means is installed so that the feedback current by said feedback means is not detected by said current detecting 
means; said signal .nformation is time information that expresses the elapsed time from the time when the level of 
the pulse signal of said non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
instructing means detects, from said time information and said non-drive duty, a period when a currentf lows in said 
inductive load by said drive means, receives said current value information at said saturation time during said 
per.od from sa.d current detecting means, calculates the average value of the current flowing in said inductive load 
dur.ng sa.d per.od. from said current value information, said time information, and said non-drive duty and calcu- 
lates said drive duty for current control time from the average current value and said non-drive duty. 

The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means .s installed so that the feedback current by said feedback means is not detected by said current detectinq 
means; said signal information is time information that expresses the elapsed time from the time when the level of 
the pulse s.gnal of sa.d non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
instructing means detects, from said time information and said non-drive duty, a period when a current flows in said 
nductive load by sa.d drive means, receives a plurality of times said current value information at said saturation 
time dur,ng said penod from said current detecting means, receives, from said pulse generating means, said time 
.n forma .on corresponding to said current value information, calculates the average value of said current value 
information and the average value of said time information, calculates the average value of the current flowing in 
sa.d inductive load dur.ng saki period, from said average value of said current va.ue information, said average vafoe 
of said time information, and said non-drive duty, and calculates said drive duty for current control time from the 
average current value and said non-drive duty. 

9. The current control apparatus of pulse-width modulation defined in claim 8 wherein said duty instructing means 
monitors the source voltage value and calculates said average current value by giving wd^TSTnESS 
current value information, if said source voltage value fluctuates during the time «tJ^cm%^£££ 
tiomsxeceived JxcrnisaidjcurtenLdetecting means.. . miorma 

1 0. The current control apparatus of pulse-width modulation defined in one of claims 7 and 8 wherein said duty instruct- 
ing means detects, from said time information, during one period of said pulse signal, the elapsed time from the 
time when a current starts to flow in said inductive load by said drive means to the time when said curren? va ue 

ioad^2 n H ,S H; eCe,Ved, Ca J CU ' ate? ^ rati0 ° f ^ 6lapSed time to the ? eriod when a currentflows in SSSSlZ 
load by sa.d dnve means dur.ng one per.od of said pulse signal, calculated from said non-drive duty, and calculates 
sa.d average current value by correcting the received current value information based on said ratio. 

11. The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
means ,s installed so that the feedback current by said feedback means is also detected by said currtn, detecting 
means; said signal information is time information that expresses the elapsed time from the time when the level of 
the pulse s.gna. of said non-drive duty changes so that a current starts to flow in said inductive load; and said duty 
.nstructmg means receives sa.d current value information at said saturation time from said current detecting means 
receives sa.d .me information from said pulse generating means, identifies the period to which the received current 
value .nformat.on belongs e.ther as a period when a current flows in said inductive load by said drive means or as 

foaTcl^l", a r ren% f ' 0WS I" Sa ! d h induClive load ** *• — ter electromotive force induced in sa^nduc five 
oad calculates the average value of the current flowing in said inductive load over the identified period, and calcu- 
lates a dnve duty for current control time from said average current value and said non-drive duty. 

12. The current control apparatus of pulse-width modulation defined in one of claims 5 and 6 wherein said feedback 
™? ^ ? fe6dbaCk CUrrent bV S3id ,66dback means is a,so detected by said cur ent deSng 

dTnT- ,s hT in .! ormation ,hat expresses ,he elapsed ,ime ,rom the time < ha °< 

Jstructinn m Jnc f aidnon - d ™ e du, y chan ? es s ° a current starts to flow in said inductive load; and said duty 
instructing means receives said current value information a plurality of times after said saturation time from said 
current detecting means with arbitrary timing, receives- from said pulse generating means, said timTtnSmatfon 

SEES? "? T*l : a ' U l in,0rmati0n ' C ' aS5ifieS the received CM va > ue information, based on S 
Ed n ° n "^ e dl ! ty ' int ° the information d ^9 a Period when a current flows in said inductive 

load by sa.d driving means and the information during a period when a current flows in said inductive load by the 
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counter electromotive force induced in said inductive load, calculates the average value of the received current 

14 " H^Tf^ ro *" >l . a PP ara,us of Pulse-width modulation defined in claim 13 wherein said duty instrudina means 

of said elapsed t,me to the corresponding identified period, and calculates said average curren Slue by correct 
the received current value information based on the ratio. y correctin 9 

15 " monit^Th COntr0 ' aP ^ ratUS ° f Pu,se - Width "^ulation defined in claim 5 wherein said duty instructing means 
16 ' ITn? Urrent COntrol , a PP aratus ° { Pu'se-width modulation defined in claim 5 wherein said duty instructing means 

when a ourrenl Hows ,n st»d inductive load by the counter electtomolive fotce Iralu^d^aTnd-uSueTuad IS 

= :r. see rrssr deK *» ™- s - aM ,he — >— • — - s 

load teststanoe value of sad ,nducli»e loud duting the identified period from said ta««St«2SJ? 

" S333S5S3S3535SS 
* 3S3==S£=S£S35HSS= 
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mnnZT C ° ntr °' ^T^* °! pulse - wid,h modulation defined in claim 21 wherein said duty instruct™ means 

applying a current by said pulse signal to said inductive load- 

applying a current by said pulse signal into said inductive load- 

?ptS 9 nn aCk XhQ ™ renX f used b * ,he c °^er electromotive force induced in said inductive load- 
detecting current value information about the current flowing in said inductive load and 

..o m jl. szs; "-ss ™ set,; .'^s^is^sLTr t ■ 
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Fig. 15 




L _ 



r-/i 

cvj 



o 

04 



i<t> 

r 



- - < 



CO 



m 



o 



o 
oo 



J- 0) 

O > 

+-> — 
O 



f 1 - 



a 

00 



CO 0 

JQ 

CD O 

0) CD 

LU CO 



cvj 




o 

CO 






i~ 




O 




-H 




CO 


CD 


t_ 


to 


0) 




c 




0) 




ho 









c 










o 






+-> 


















rol 


mer 




CO 


ion 








o 


+* 


C 


"D 






o 


, o 




c 


~co 


CD 


o 




CO 


o 


to 







O 


it- 


C 


CD 


CD 


> 


O 




CO 





CO 



CO 



CO 





i- 




O 


C 


4-» 


<D 


O 


v_ 


CD 


1_ 


-M 


13 


CD 


O 


13 




o 



~0 




CD 




CD 


o 


Q. 






CO 




D 


"q3 


O 


<D 




-C 


CO 


3S 


o 



56 



EP 0 779 631 A2 



Fig 16 

C Start ) 



Output non-drive duty 



— S15 



Wait unti I current saturation time 



I 



Receive current value information 
and time information 



S37- 



T 



Calculate drive duty 



Detect wheel state 



-S16 
-S35 

-S36 
-S19 




S20 



Perform ABS control with 
calculated newest drive duty 



S21 



.S22 



Constant drive 
instruction time> 
^current saturation time^ 

fYES 



Calculate drive duty by (7) 




S24 



S25 — T 



Terminate ABS control 



Q Return ) 



57 



EP 0 779 631 A2 



Fig. 17 



90 



+ Va 

-e- 



71 



Pulse 
generator 



Pulse 
si gnal 
i nf ormati on, 



v 



c 



Pulse \ 
output/ 



Driver 



51 



(Duty \ 
\i nstruction/ 



52 



Feedback 
sect i on 
A 



Duty 

i nstructor 



Current 
value 



T t 

72 V inf ormation, 



Current 
detector 



T 



,(Current) 



8 



(Current) 



58 



EP 0 779 631 A2 



Fig. 20 



1 OO 



+ Va 

-a- 

8 



Feedback 
sect i on 



7 1 



Pul se 
generator 



Pulse 
si gnal 
information. 



/Pulse \ 
\output/ 



Driver 



/Duty \ 
\i nstruction/ 



Duty 

i nst ructor 



, .7 Current 

\ I value 
101 ^information 



.(Current) 



(Current)' 



Cu r r ent 
detecto r 



59 



EP 0 779 631 A2 



Fig. 21 
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Fig. 22 
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Fig. 23 
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Fig. 24 
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Fig. 26 
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(54) Current control apparatus of pulse-width modulation and its method of controlling current 



(57) A current control apparatus has a pulse gener- 
ator that generates a pulse signal, a duty instruction cir- 
cuit that gives a duty cycle to the pulse generator, a 
driver that drives an inductive load by the pulse signal, a 
feedback sensor that feeds back the counter electromo- 
tive force induced in the inductive load, and a current 
detector that detects the current flowing in the inductive 
load and in which, during the non-drive time of the 
inductive load, the duty instructing circuit gives a non- 
drive duty for applying to the inductive load a current 
that does not activate the inductive load, and calculates 
a drive duty for applying a desired current to the induc- 
tive load during the drive time of the inductive load. 
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